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•1 

ON  THE  CORRELATION  BETWEEN  THE  HEAT  OF  FORMATION  OF  CHEMICAL  COMPOUNDS 

AND  THE  POSITION  OF  THE  ELEMENTS  IN  THE  D,  I.  MENDELEEV  PERIODIC  TABLE 


V,  P,  Shishokin 

Laury  showed  in  1882  that  the  quantity  of  heat  which  is  evolved  during  the  formation  of  chlorides,  bromides  and 
iodides  of  metals,  is  periodically  dependent  on  the  magnitude  of  the  atomic  weight  of  the  elements.  In  1892  Richards 
came  to  the  conclusion  that  the  heat  of  formation  of  metal  fluorides  is  also  found  in  periodic  dependence  on  the 
atomic  weight  of  the  combined  elements.  In  all  these  cases  it  turned  out  that  the  greatest  quantity  of  heat  is  evolved 
by  thdalkaline  metals,  Mendeleev  [1]  noted  that  the  heat  of  formation  of  oxides  (according  to  the  data  of  Thomsen) 
also  conforms  to  a  periodic  dependence,  the  greatest  magnitude  however,  occurs  at  the  metals  of  the  second  group 
(magnesium,  calcium,  strontium  and  barium). 

Thomsen  himself  indicated  a  periodic  change  of  affinity  toward  oxygen  in  the  groups  of  the  Mendeleev  table; 
thus,  with  chlorine  and  iodine,  sulfur  and  tellurium,  phosphorus  and  antimony  a  greater  affinity  toward  oxygen  Is 
observed  than  respectively  with  bromine,  selenium  and  arsenic.  Biron  [2]  considered  a  detailed  change  in  the  proper¬ 
ties  of  elements  and  their  compounds,  in  particular  —  the  heat  of  formation  of  compounds  in  the  vertical  direction 
in  the  Mendeleev  table.  It  turned  out  that  a  number  of  properties  and  specifically  the  heat  of  formation  of  oxides 
changes  periodically  in  the  groups  of  the  Mendeleev  table;  this  phenomenon  was  designated  by  Biron  as  "secondary 
periodicity".  Roth  [3]  in  further  experimental  investigations  confirmed  the  phenomenon  of  secondary  periodicity  in 
the  change  of  the  heat  of  formation  of  elements  in  the  principal  subgroups  of  the  IV  —  VII  groups;  thus,  the  greatest 
!  heat  of  formation  is  observed  in  the  elements  of  the  odd  periods  while  the  least  was  observed  in  the  elements  of  the 

0  even  periods, 

S 

The  work  of  Biron  went  unnoted  both  by  Russian  and  by  foreign  investigators.  Thus,  A.  M.  Berkengeim  [4,5] 
j  in  his  work  on  the  connection  of  the  heats  of  formation  of  chemical  compounds  with  the  position  of  the  elements 

^  in  the  Mendeleev  table  did  not  take  account  of  the  phenomenon  of  secondary  periodicity,  which  explains  deviation  of 

his  calculated  values  from  the  experimental  data.  There  was  no  reference  to  the  work  of  Bi’ron  and  Roth.  Nothing 
is  said  concerning  secondary  periodicity  in  chemistry  textbooks.  Mendeleev  himself  [6]  wrote  in  "Fundamentals  of 
Chemistry";  ...The  affinity  oi  iodine  toward  oxygen  is  much  greater  than  that  of  chlorine.  Bromine  occupies  an 
intermediate  position". 

Shchukarev  and  Vasilkova  and  Shchukarev,  Arl  ya  and  Lakhtin  [7,  8]  showed  the  periodic  change  in  the  heat 
of  formation  of  chemical  compounds  of  magnesium  with  elements  of  the  principal  subgroups  of  groups  IV  and  V 
of  the  Mendeleev  table. 

Kapustinsky  did  not  take  into  account  the  phenomenon  of  secondary  periodicity  and  came  to  an  incorrect  con¬ 
clusion  in  his  works  on  the  establishment  of  a  dependence  between  the  heat  of  formation  of  chemical  compounds  and 
the  position  of  elements  in  the  Mendeleev  table  [9,  10]. 

Kapustinsky  establishes  the  rule  of  "thermochemical  logarithmicity",  in  accord  with  which  a  rectilinear 
relationship  between  the  heat  of  formation  of  chemical  compounds  and  the  logarithm  of  the  atomic  number  of  the 
elements  both  in  the  periods  and  in  the  groups  of  the  Mendeleev  table  should  occur.  However,  while  periodic 
change  of  the  heats  of  formation  of  chemical  compounds  is  present  in  the  groups,  the  existence  of  themochemical 
logarithmicity  can  not  be  mathematically  substantiated  here. 

In  his  theoretical  basis  for  "thermochemical  logarithmicity"Kapustinsky  used  the  representation  of  Yum-Rozeri 
concerning  the  reversible  proportionality  between  the  atomic  radius  and  the  cubic  root  of  the  atomic  number  which 
can  not  occur  while  there  is  present  a  graduated  change  in  the  dimensions  of  the  atoms  in  the  groups  [11], 

The  straight  lines  presented  by  Kapustinsky  for  the  dependence  between  the  heat  of  formation  of  radicals  and 
oxides  of  the  elements  of  the  principal  subgroups  1  and  II  have  a  very  small  angle  of  inclination  as  a  consequence  of 
which  there  occured  an  apparent  rectification  of  the  periodicity.  In  Fig.  1  the  change  in  the  heat  of  formation  E 
of  the  chlorides  of  the  alkaline  metals  is  shown  as  a  function  of  the  changes  in  the  logarithm  of  the  atomic  number 
log  z  of  the  alkaline  metals  on  the  scale  of  Kapustinsky  (1.  (figures  to  the  right  of  the  vertical  axis),  and  in  a  greater 
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\  ortical  scale  (2,  figures  to  the  left  of  the  axis).  The  stepwise  character  of  the  line  in  the  second  case  is  evidence 
of  the  manifestation  of  periodicity;  a  similar  picture  is  observed  when  other  examples  of  dependence  between  the 
heat  of  formation  of  compounds  and  the  logarithm  of  the  atomic  number  are  depicted  in  a  greater  vertical  scale. 

For  the  chlorides  of  elements  of  groups  III  and  IV  and  chlorides  of  the  2-nd,  3-rd,  4-th,  and  S-th  periods 
Kapustinsky  also  gave  "thermochemical  logarithmicities";  these  straight  lines  were  constructed  on  a  sufficiently 
great  scale  of  the  heats  of  formation  of  the  compounds,  however  the  observable  scattering  of  points  is  undoubtedly 
evidence  of  the  presence  here  also  of  periodic  change.  The  only  verifiable  example  of  the  rule  of  "thermochemical 
logarithmicity  •  appears  to  be  the  rectilinear  dependence  existing  between  the  logarithm  of  the  atonic  number  and 
the  heat  of  formation  of  chlorides  of  elements  of  the  third  period. 

Kapustinsky  noted  that  the  rule  of  "thermochemical  logarithmicity"  was  not  applicable  to  the  gaseous  state  of 
a  substance. 

In  the  present  work  an  attempt  is  made  to  relate  the  heat  of  formation  of  chemical  compounds  (halides  and 
oxides  of  metals)  with  the  ionization  potentials  of  the  participating  elements.  Just  as  in  the  works  of  A.  M,  Berkengeim 
and  A.  F.  Kapustinsky,  the  heat  effec^s  were  taken  to  refer  to  a  gram  equivalent.  The  magnitudes  of  the  heat 
effects  and  ionization  potentials  were  taken  from  the  handbook  of  Kei  and  Lebi  [12]. 

The  periodicity  of  the  changes  in  the  heats  of  formation  of  halides  and  oxides  of  metals  in  groups  of  the  Mende¬ 
leev  table  is  not  clearly  Tosiahifftsted.  'However  the  presence  of  periodicity  can  be  shown  in  the  change  of  heat 
effects  using  the  processes  employed  by  Rydbdrg  and  Bazarov  to  display  the  periodicity  of  the  changes  in  the  atomic 
weight  of  elements;  according  to  the  Rydberg  method  [1]  the  differences  of  two  series  of  stationary  quantities  are 
compared,  whitfe,  a.cdprding  to  the  Bazarov  method  [13],  the  ratios  of  these  quantities  are  compared. 

In  Tables  1  and  2  the  ratios  of  the  heats  of  formation  of  a  number  of  significant  solid  halides  of  the  alkaline 
metals  are  set  forth;  secondary  periodicity  is  evident  in  all  cases. 


TABLE  1 


LiF  :  NaF 

1.01 

LiCl  :  NaCl 

0.99 

LiBr  ;  NaBr 

0.97 

Lil  :  Nal 

0.94 

NaF  ;  KF 

1.07 

NaCl  :  KCl 

0.94 

NaBr  :  KBr 

0.92 

Nal  :  K1 

0,88 

KF  :  RbF 

1.009 

KCl  :  RbCl 

0.993 

KBr  :  RbBr 

0.982 

KI  ;  Rbl 

0.973 

RbF  :  CsF 

l.’Qll 

RbCl  :  CsCl 

0.989 

RbBr  :  CsBr 

0.981 

Rbl  :  Csl 

0.966 

TABLE  2 


LiF  :  UCl 

1.49 

NaF  :  NaCl 

1 

1.46  i 

KF  :  KCl 

1.29 

RbF  :  RbCl 

1.27 

CsF  :  CsCl 

1.24 

LiCl  ;  LiBr 

1.16 

NaCl  ;  NaBr 

1.13 

KCl  :  KBr 

1.11 

RbCl  :  RbBr 

1.09 

CsCl  :  CsBr 

1.09 

LlBr  ■  Lil 

1.29 

NaBr  :  Nal 

1.25 

KBr  :  Kl 

1.19  1 

RbBr  :  Rbl 

1.18  i 

CsBr  :  Csl 

1.17 

_l - : - 1 - 

U  W  XT  a 


Fig.  1.  Dependence  between  the  heat  of  formation  E 
of  chlorides  of  the  alkaline  metals  and  the  atomic  num¬ 
ber  of  the  meul  log  z.  1)  On  the  scale  of  A.  F. 
Kapustinsky;  2)  at  a  greater  vertical  scale. 


Fig.  2  shows  that  the  heat  of  formation 
of  the  halides  of  the  alkaline  metals  is  linearly 
dependent  on  the  square  root  of  the  magnitude  of  the 
first  ionization  potential  of  the  metal;  the  angle 
of  inclination  of  the  straight  lines  changes  step¬ 
wise  in  proceeding  from  iodides  to  fluorides.  If 
with  the  iodides,  bromides  and  chlorides  of  the 
alkaline  metals  the  heats  of  formation  are  associ¬ 
ated  with  a  reversible  dependence  on  the  ioniza¬ 
tion  potentials  of  the  metal,  with  the  fluorides 
there  still  occurs  a  straight  line  dependence.  The 
greater  the  affinity  of  the  halogen  for  electrons, 
the  less  the  extent  to  which  the  ionization  potential 
of  the  metal  influences  the  heat  of  formation  of 
the  halide. 

The  heat  of  formation  of  NaF  of  136 
keal  (Fig,  2)  set  forth  in  the  handbooks  considerably 
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deviates  from  the  straight  line  for  fluorides;  interpolation  gives  a  heat  of  formation  of  NaF  of  142  kcal  (according 
to  Kapustinsky,  144  kcal). 

Inasmuch  as  both  the  ionization  potential  and  the  heat  of  formation  change  periodically  in  the  groups,  the 
existence  of  a  rectilinear  dependence  between  the  heats  of  formation  and  the  ionization  potentials  is  possible  only 
under  definite  physico -mathematical  conditions. 


Fig.  2.  Dependence  between  the  heat  of  formation  E 
of  alkaline  metal  halides  and  the  square  root  of  the 
first  ionization  potential  of  the  metal.  The  scale  for 
iodides  and  fluorides  is  on  the  left  of  the  axis;  that 
for  chlorides  is  on  the  right. 


Fig.  3.  Dependence  between  the  heat  of  formation  E  of 
halides  of  the  alkaline  metals  and  the  logarithm  of  the 
first  ionization  potential  of  the  halogen.  The  scales  for 
the  halides  of  Cs  and  Na  are  to  the  left  of  the  axis;  those 
for  the  halides  of  Rb  and  li  are  to  the  right. 


It  was  natural  to  expect  further  that  the  heats  of  formation  of  the  halides  of  the  alkaline  metals  would  be 
found  in  some  dependence  on  the  magnitudes  of  the  affinity  for  electrons  (null  ionization  potential)  of  the  halogen. 
However,  to  demonstrate  such  a  dependence,  expressible  by  a  simple  method,  was  not  successfully  done,  and  it 
turne^out  that  the  heats  of  formation  of  the  halides  of  the  alkaline  metals  is  associated  with;  a  rather  good  linear 
dependence  on  the  logarithm  of  the  first  ionization  potential  of  the  halogen  (Fig.  3).  It  is  possible  that  errtxs  in  the 
determination  of  the  electron  affinity  were  too  great  (particularly  with  fluorine),  and  the  fim  ionization  potential, 
in  general  determinable  with  greater  accuracy,  can  replace  the  null  potential  (the  magnitudes  of  the  latter  are 
taken  from  the  book  of  Syrkin  and  Dyatkina  [14]). 

It  should  be  assumed  in  general  that  the  heat  of  formation  of  the  halide  is  increased  with  increase  in  the  elec¬ 
tron  affinity  of  the  halogen.  The  heat  of  formation  of  NaF  (142  kcal)  obtained  by  interpolation  in  Fig.  2.  lies  on 
the  straight  line  for  sodium  (Fig.  3). 

The  simplest  dependence  between  the  heats  of  formation  of  the  solid  halides  of  the  elements  of  the 
principal  subgroup  of  group  II  and  the  ionization  potentials  of  the  latter  turned  out  to  be  somewhat  different. 
Specifically,  these  heats  vary  linearly  with  the  square  of  the  group  ionization  potential  (the  total  of  the  first  two 
potentials)  of  the  metal;  the  heat  of  formation  of  the  given  halides  is  associated)  semi  logarithmically,  with  the 
first  potential  as  occurred  in  the  preceding  case. 
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While  the  heats  of  formation  of  the  chlorides,  bromides  and  iodides  of  the  metals  of  the  principal  subgroup 
of  group  II.  increases  smoothly  with  increase  in  the  atomic  number  (and  correspondingly  with  decrease  in  the 
ionisation  potentials),  the  heats  of  formation  of  the  fluorides  exhibited  a  marked  scattering  of  the  points  plotted 
from  the  available  data;  in  addition,  the  heat  of  formation  of  BeF^  is  completely  absent.  All  this  forced  us  to 
question  the  correctness  of  the  heats  of  formation  of  fluorides  indicated  in  the  literature.  Only  the  heat 

of  formation  of  BaFj  also  fits  precisely  on  the  straight  line  relating  the  heats  of  formation  of  the  metals  of  the 
principal  subgroup  of  group  II  to  the  logarithm  of  the  first  ionization  potential;  the  points  for  SrFj,  CaF2  and  MgFg 
lie  considerably  above  the  corresponding  curves,  Tne  heats  of  formation  of  SrFj,  CaF2,  MgF2  and  also  of  BeF2 
found  by  extrapolation  proved  to  be  respectively  equal  to  282  ,  273,  240  and  203  kcal. 

The  halides  of  aluminum,  lead  and  antimony  proved  to  vary  linearly  with  the  first  ionization  potential  of 
the  halogen.  The  heats  of  formation  of  compounds  of  aluminum  with  the  elements  of  the  principal  subgroup 
of  group  VI  vary  linearly  with  the  logarithm  of  the  sum  of  the  first  two  ionization  potentials  of  the  latter.  The 
heats  of  formation  of  the  iodides  of  elements  of  the  principal  subgroup  of  group  V  were  found  to  be  linearly  de¬ 
pendent  on  the  sum  of  the  first  three  ionization  potentials  of  these  elements. 

The  heats  of  formation  of  oxides  of  elements  of 
the  principal  subgroup  of  group  I  change  smoothly;  in  group 
II  there  is  a  periodicity  in  the  transition  from  Ca  to  Ba.  In 
groups  III  — V  the  heats  of  formation  of  oxides  of  the  elements 
of  the  principal  subgroups  change  periodically;  the  periodicity 
is  observed  also  when  elements  of  the  2-nd  and  3-rd  periods 
are  combined  with  elements  of  the  side  subgroups,  as  was 
done  by  Kapustinsky.  In  all  cases,  linear  dependence  bet¬ 
ween  the  heats  of  formation  of  the  oxides  and  ionization 
potentials  (as  well  as  with  the  atomic  number)  did  not 
appear.  Linear  dependence  between  the  heats  of  formation 
of  compounds  of  nitrogen  with  elements  of  the  principal 
^  subgroup  of  group  II  and  the  ionization  potentials  (and  the 

-J-  l/lMwir.  atomic  nuAiber  as  well)  also  was  not  detected. 

Nt  My  A\  5/  P  S  • 

In  the  horizontal  direction  in  the  Mendeleev  table 

Fig,  4.  Dependence  between  the  heat  of  formation  E  ^  ^^e  periods)  the  heats  of  formation  of  the  oxides  of  the 

of  halides  of  elements  of  the  third  period  and  the  elements  change  smoothly;  a  linear  dependence  between 
square  root  of  the  equivalent  potential  of  the  element.  ionization  potentials  (and  also  log  z)  is 

absent. 

The  heats  of  formation  of  chlorides  in  the  2-nd,  4-th  and  5-th  periods  change  periodically:  there  is  no  linear 
dependence  between  the  heats  and  the  ionization  potentials  (and  also  log  s).  Only  in  the  3-rd  period  where  the  heats 
of  fcxmation  of  the  chlorides  change  smoothly,  does  a  linear  dependence  (Fig.  5)  between  them  and  the  square  root  of 
the  equivalent  potential)  occur  (this  term  is  used  to  designate  the  quotient  resulting  from  the  division  of. the  group 
potential  by  the  gr  oup  number). 

In  exactly  the  same  way  a  linear  dependence  between  the  heats  of  formation  and  log  z  is  observed  for  the 
chlorides  of  the  elements  of  the  3-rd  period.  The  heat  of  formation  of  SCle  determined  from  Fig.  4  by  extrapolation 
amounts  to  3  kcal.  pet  ^  equiv.  or  18  kcal.  per  1  g -formula  (Kapustinsky  gives  40  kcal).  In  general,  the  heats  of  form¬ 
ation  of  chlorides  in  the  periods  of  the  Mendeleev  table  is  associated  with  a  reversible  dependence  on  the  equivalent 
potentials  of  the  elements. 

In  the  case  of  gaseous  molecules  there  occurs  a  clear  periodicity  in  the  change  in  the  heats  of  formation  of  the 
fluorides  and  partially  of  the  chlorides  of  the  alkaline  metals;  with  Bazarov's  method  it  is  also  manifested  with  the 
remaining  halides  of  these  metals.  The  iodides,  bromides  and  chlorides  exhibited  the  existence  of  a  rectilinear  de¬ 
pendence  between  the  heats  of  formation  and  the  square  root  of  the  first  ionization  potential  of  the  alkaline  metal, 
the  fluorides  (in  particular,  KF)  give  a  certain  deviation  from  rectilinear  dependence.  The  linear  dependence  bet¬ 
ween  the  heats  of  formation  of  the  gaseous  halides  of  the  alkaline  metals  and  the  electron  affinity  is  also  not  shown, 
as  in  the  case  of  the  solid  halides.  Correspondingly  a  rectilinear  dependence  is  apparent  between  the  heats  of  for¬ 
mation  and  the  logarithm  of  the  first  ionization  potential. 

The  heats  of  formation  of  gaseous  molecules  of  the  halides  of  hydrogen  also  vary  linearly  with  the  logarithm 
of  the  first  ionization,  potential  of  the  halogen.  Thus,  in  contrast  to  the  conclusion  of  Kapustinsky  the  simplest  law 
is  observable  during  the  f<xmaticn  of  gaseous  molecules. 


The  presence  of  a  linear  dependence  for  the  chlorides  of  the  elements  of  the  3-rd  period  between  the  heats  of 


their  formation,  on  the  one  hand  and  the  square  toot  of  lequiv 
and  log  z  on  the  other  hand,  still  does  not  in  itself  influencethe 
existence  of  a  simple  dependence  between  the  equivalent  poten¬ 
tial  and  the  atomic  number.  For  chlorides  of  elements  of  the 
2-nd,  4-th  and  5-th  periods  a  dependence  between  the  heats  of 
formation,  on  the  one  hand,  and  the  square  foot  of  Igqyjy  *nd 
log  z,  on  the  other  hand,  is  expressed  by  equidistant  curves  which 
also  should  argue  in  favor  of  the  presence  of  the  simplest  depend¬ 
ence  between  I  and^.  Actually  Fig.  5  shows  that  there 

exists  a  dependence  which  is  very  close  to  recti  linearity,  between 
the  atomic  number  and  the  square  root  of  the  equivalent  potential 
(analogously  to  the  law  of  Moseley);  the  scale  for  the  square  root 
of  1  equiv  ®  sliding  scale.  It  is  evident  that  the  tangent  of 
the  angle  of  inclination  of  these  straight  lines  varies  p>eriodically 
in  the  series  of  the  Mendeleev  table. 

It  was  found  by  extrapolation  of  the  straight  lines  which  ex¬ 
press  Moseley's  law  that  1,  for  Cols  202  and  I9  and  for  hd  are 
209  and24?,and  on  the  basis  of  these  quantities  the  square  roots 
of  the  corresponding  equivalent  potentials  (Co  =  9.55,  Ni  =  10.4); 
were  calculated;  these  quantities  fit  on  the  extension  of  the  K— Fe 
straight  line.  The  points  obtained  in  this  way  for  Rb  and  Si  deviate 
somewhat  from  the  Rb—  Ru  straight  line.  On  the  basis  of  the  Rb  — Ru 
straight  line  the  magnitude  of  the  square  root  of  the  equivalent 
potential  of  niobium  (5,19)  was  determined,  and  hence  the  value 
of  Ij  for  this  element  (6.4  eV)  which  is  lacking  in  the  literature; 
the  first  ionization  potential  of  niobium  obtained  by  extrapolation 
by  Moseley's  law  amounts  to  6eV. 

SUMMARY 

1.  The  heats  of  formation  of  chemical  compounds  vary  in  general  periodically  both  in  the  groups  and  in  the 
periods  of  the  Mendeleev  table. 

2.  As  a  consequence  of  the  presence  of  periodicity  in  the  change  of  the  heats  of  formation  of  chemical  com¬ 
pounds  the  "thermochemical  logarithmicity"  of  Kapustinsky  can  not  be  theoreticallyrsUjstantiated  and  is  not  prac¬ 
tically  confirmed. 

3.  There  exists  a  dependence  between  the  heats  of  formation  of  chemical  compounds  and  the  ionization 
potentials  of  the  Elements:  the  heats  of  formation  'vary  inversely  in  dependence  on  the  ionization  potentials  of  the 
cation  (oxidant)  and  in  direct  dependence  <on  the  ionization  potentials  of  the  anion  (leductant).  In  many  cases 
this  dependence  can  be  expressed  by  the  simplest  (linear)  method.  The  linear  dependence  has  a  somewhat  different 
form  for  various  groups  of  compounds  which  is  apparently  due  to  difference  in  the  nature  of  the  bond  in  the  compounds. 
The  regularities  displayed  are  applicable  both  for  the  gaseous  and  for  the  solid  state  of  a  substance;  they  permit  the 
calculation  of  the  heats  of  formation  of  chemical  compounds  which  haVe  not  been  determined  by  experimental 
means  and  the  introduction  of  corrections  in  a  number  of  the  available  data. 

4.  There  exists  a  linear  (or  close  to  linear)  dependence  between  the  atomic  number  and  the  square  root  of 
the  equivalent  ionization  potential  of  the  elements. 
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COMPLEXES  OF  DIVALENT  IRON  WITH  DIMETH YLGLYOXIME 


A.  K.  Babko  and  L,  I.  Dubovenko 

In  the  course  of  an  investigation  of  a  number  of  complex  compounds  of  dimethylglyoxime  with  metals 
Chugaev  [1,2]  demonstrated  that  divalent  iron  in  an  alkaline  medium  forms  a  red  colored  compound.  This  reaction 
is  widely  used  for  the  colorimetric  determination  of  ferrous  iron.  However  up  to  the  present  time  the  compound 
has  not  been  isolated  in  the  pure  form  and  its  composition  has  not  been  established.  Chugaev  and  Orelkin  [3]  succeeded 
only  in  isolating  a  complex  compound  of  ferrous  iron  with  dimethyl  glyoxirne  and  pyridine  Fe(HDm)|.2Py;  any  physico¬ 
chemical  characteristics  of  this  compound  were  entirelyi  lacking, 

The  causes  of  the  slight  study  wliich  has  been  devoted  to  this  compound  ate  associated  with  the  experimental 
difficulties  to  overcome  which  proved  impossible  during  the  investigation  of  the  complexes  by  the  classical  pre¬ 
parative  method.  These  difficulties  were  due  above  all  to  the  fact  that  dioxime .  of  iron  (II)  is  quite  soluble  in 
water  and  consequently  could  not  be  successfully  isolated  by  crystallization.  Further,  the  complex  under  study  is 
formed  only  in  alkaline  jnedium  while  under  these  conditions  ferrous  iron  is  very  rapidly  oxidized  in  air.  In  add¬ 
ition,  in  the  dimethylglyoxime-Fe'*"''  ion  system,  apparently,  not  one,  but  several  varied  compounds  (see  below)  are 
formed. 

The  method  of  physicochemical  analysis  of  solutions  of  complex  compounds  was  used  in  the  present  work  for 
the  determination  of  the  composition  and  properties  of  the  dioxime  complex  of  divalent  iron. 

EXPERIMENTAL 

1.  Determination  of  the  Composition  of  the  Complex  by  the  Isomolar  Series  Method.  The  principle  of  the 
method  of  determining  the  composition  of  complexes  in  solution  according  to  Ostromyslensky  [4]  and  Job  [5]  is 
based,  as  is  well  known,  on  the  study  of  the  optical  density  of  series  of  solutions  containing  the  reaction  components 
in  various  ratios  with  the  sum  of  their  molar  concentrations  constant.  The  measurements  of  the  optical  density  were 
carried  out  on  an  FM  optical  photometer. 

Preliminary  experiments  established  that  in  the  presence  of  ammonia  a  compound  is  formed  with  a  light  ab¬ 
sorption  maximum  close  to  530  mp.  Upon  substituting  pyridine  for  ammonia  the  absorption  spectmm  is  displaced 
toward  the  short  wave  portion  and  the  light  absorption  maximum  is  observed  close  to  496  mp. 

For  the  study  of  the  colored  complex  of  ferrous  dioxime,  the  initial  solutions  of  FeS04-(NH4)SQ|'7H|0  (0.01  mole/ 
liter)  and  an  alcoholic  solution  of  dimethyl  glyoxirne  (0,01  mole  per  liter)  were  prepared.  These  solutions  were 
mixed  in  various  ratios,  with  their  total  volumes  always  amounting  to  10  ml.  To  diminish  the  oxidation  of  ferrous 
iron,  hydrazine  sulfate  was  introduced  and  to  prevent  the  precipitation  of  the  hydrate  of  ferrous  or  ferric  oxide  tartaric 
acid  was  added.  To  prepare  the  solutions  we  used  the  method  recommended  for  the  colorimetric  determination  of 
ferrous  iron.  To  x  ml  of  0.01  molar  solution  of  Mohr’s  salt  8  ml  of  a  saturated  solution  of  hydrazine  sulfate,  0.5 
ml  of  5%  1  .  tartaric  acid  solutions  and  (10—  x)  ml  of  0.01  molar  alcoholic  solution  of  dimethylglyoxime  was 
added.  The  solution  was  heated.  5  ml  of  25*^  ammonia  was  added,  boiled  for  30  seconds,  cooled  under  a  faucet  to 
19“  and  diluted  to  25  ml  with  a  mixture  of  solutions  of  ammonia  and  hydrazine  ( in  a  ratio  of  1:1)  or  of  water.  Then 
the  optical  density  of  each  of  the  solutions  at  a  layer  thickness  of  1  mm,  using  the  light  filter  indicated  above,  was 
measured. 

The  dependence  of  the  optical  density  on  the  ratio,  of  the  reacting  components  is  shown  in  Fig.  1.  On  the  ab¬ 
scissa  are  plotted  the  quantities  of  ferrous  iron  and  dimethylglyoxime  inmilliliters  and  on  the  ordinate  —  the  optical 
density  of  the  solutions.  As  is  evident  from  the  figure,  the  maximum  light  absorption  of  the  complex  is  observed 
under  the  given  conditions  at  a  ratio  of  iron  to  dimethylglyoxime  equal  to  1:2, 

2.  Determination  of  the  Composition  of  the  Complex  at  Constant  Concentratton  of  One  of  the  Components 

and  Variable  Concentration  of  the  Other.  Under  the  conditions  of  the  physico-chemical  analysis  the  series  of  isomolar 
solutions  is  one  of  the  sections  of  the  diagram  of  the  system:  central  ion-  coordinated  ion— solvent  [6].  When  the 
complex  is  slightly  dissociated,  its  composition  can  also  be  determined  by  other  sections  of  the  system.  In  particular, 
the  sections  have  great  significance  which  correspond  to  the  following  series  of  solutiQitr;  a)  constant  concentration 
of  the  central  ion  and  variable  concentration  of  the  reagent  containing  the  coordinated  ion;  b)  constant  concentration 
of  the  coordinated  ion  and  variable  concentraticxi  of  the  central  ion. 

These  experiments  are  also  important  in  order  to  explain  whether  or  not  one  compound  ot  several  compounds 
of  varying  composition  are  formed  in  the  given  concentration  limits.  Finally,  these  experiments  are  necessary  for 
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further  investigation  of  the  physico-chemical  constants  of  the  complex. 

The  compositions  of  all  three  sections  can  coincide  only  if  under  the  given  conditions  the  complex  is  rather 
stable,  particularly,  in  relation  to  the  presence  of  substances  like  reductants  (hydrazio^and  which  form  collateral 
complexes  (tartaric  acid).  The  rather  sharp  maximum  of  the  curve  in  Fig.  1  shows  that,  apparently,  the  complex 
is  slightly  dissociated  and  weakly  decomposed  by  the  collateral  substances  which  ate  present. 

Separate  experiments  set  up  to  study  the  behavior  of  the  com¬ 
plex  on  dilution  showed  that  in  dilute  solutions  of  the  complex  with 
a  concentration  of  Fe'*"'’  of  5*10 mole  in  a  16-fold  solution  of  amm¬ 
onia  and  with  addition  of  hydrazine  an  appreciable  increase  in  the 
dissociation  is  not  observed,  since  the  total  optical  density  (with  ob¬ 
servations  from  above,  i.e.  in  the  entire  thickness  of  the  layer)  is 
not  diminished. 

The  results  of  the  measurements  are  shown  for  a  scries  of 
type  (a)  on  Fig,  2,  and  for  a  series  of  type  (b)  on  Fig,  3.  In  sol¬ 
utions  of  series  (b)  the  concentration  of  dimethyl  glyoxime  was 
8- 10"*  mole  while  the  concentration  of  f  rrous  iron  was  changed 
from  1*10"*  to  12T0  "*  mole.  In  series  (a)  the  concentration  of  Fe’*"*' 
was  4 •10'*  while  the  concentration  of  dimethylglyoxime  was  changed 
from?.' 10'*  to  20- 10"*  mole.  As  is  evident  from  Figs.  2  and  iS,  the 
curves  Indicate  a  rather  sharp  break  at  a  ratio  of  ferrous  iron  and  di  - 
methylgly oxime  close  to  1:2. 

Finally,  it  is  evident  from  the  conditions  of  preparation  of  the 
solutions  and  the  data  of  Figs.  2  and  3  that  at  complete  association  of  one  of  the  components  (  i.e.,  with  excess  of 
the  other  component)  4he  following  is  observed.  An  approximately  identical  optical  density  is  obtained  at  a  concen¬ 
tration  [Fe*"*']  =4*l0'*  mole  (with  excess  dimethylglyoxime)  and,  on  the  other  hand,  at  a  concentration  [HjDm]  =  8*10  "* 
mole  (  at  an  excess  of  iron). 
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Fig.  1.  Dependence  of  the  optical  density  : 
D  on  the  ratio  of  divalent  iron  to  dimethy 
Iglyoxime. 


Fig.  2.  Dependence  of  the  optical  density  D  Fig.  3,  Dependence  of  the  optical  density  D  on 

on  the  dilution.  the  dilution. 

ExplanaticHi  In  the  text  Explanation  in  the  text. 

All  these  data  confirm  that  the  composition  of  the  colored  complex  under  the  given  limiting  conditions  - 
corresponds  to  a  ratio  of  ferrous  iron  to  dimethylglyoxime  equal  to  1:2,  This  gives  a  basis  for  considering  that  the 
composition  of  ferrous  dioxime  corresponds  to  the  formula  Fe(HDm){;  thus  the  soluble  colored  complex  of  ferrous 
iron  is  analogous  in  composition  to  the  difficultly  soluble  nickel  compound. 

3.  Determination  of  the  Dissociation  Constant  of  the  Complex.  The  dissociation  constant  of  the  complex 
characterizes  its  strength  and  is  of  direct  significance  as  a  basis  for  determining  the  conditions  of  the  colorimetric 
determination.  In  addition,  it  was  important  to  confirm  the  formula  of  the  compound  proposed  above  in  the  follow¬ 
ing  respect.  All  the  preceding  experiments  only  make  it  possible  to  establish  the  ratio  Fe''"*':l^DM.  However  with 
the  same  ratio  the  formation  of  an  addition  product  of  a  molecule  of  dimethylglyoxime,  for  example, [Fe(I%Dm)j]'*"'’ 
or  FeX2  •  2HjDm  was  possible.  Further,  all  the  curves  indicated  above  would  have  the  same  form  if  the  composition 
of  the  complex  conesponded  to  the  formula  of  the  disubstituted  salt,  for  example  FeDnn"  (or  (NH4)|FeDm2  and 
others,). 

The  study  of  the  dependence  of  the  equilibrium  on  the  concentration  of  ions  makes  it  possible  to  answer 


the  question  r&lsed  above.  If  the  complex  has  the  composition  Fe(HDm)^,  then  the  equilibrium  should  be  exj^essed 
by  the  equation 

Fe'^'^  +  2H,Dm  =  Fe(HDm)j  +2H'^.  (1) 

The  equilibrium  constant  should  have  the  form: 

K-  =  [FetHttn),]  [H^f _ 

equil.  [Fe'^'^]  [H,Dmf  ' 

Evidently,  in  the  case  of  the  formation  of  an  addition  product  of  a  dimethyiglyoxime  molecule,  the  equil¬ 
ibrium  state  should  not  depend  at  all  on  the  pH  of  the  solution.  If  a  compound  is  formed  where  both  hydrogen 
atoms  of  dimethy^lyoxime  are  replaced,  the  equilibrium  should  depend  on  the  fourth  power  of  the  change  of  con¬ 
centration  of  ions,  in  accordance  with  the  equation 

Fe'^^  +  2H,Dm  =  PeDm,"  ‘  +  (3) 

It  is  well  known  [8]  that  the  first  acid  dissociation  constant  of  dimethyiglyoxime  is  equal  to8*10"^;  con¬ 
sequently,  in  a  solution  with  a  pH  less  than  10,  dimethyiglyoxime  is  found  almost  entirely  in  the  form  of  the  HjDm 
molecule. 

In  connection  with  what  has  been  said  a  number  of  experiments  were  set  up  to  determine  the  equilibrium 
constants  at  various  pH  values  of  the  solution.  To  obtain  well  measurable  results  it  was  necessary  to  set  up  the 
experiments  under  conditions  in  which  increase  in  the  concentration  of  hydrogen  ions  caused  appreciable  dimi¬ 
nution  in  the  optical  density  of  the  soluticm.  It  was  preliminarily  established  that  this  is  observed  at  a  pH  of  about 
6.5-8.  At  pH  approximately  equal  to  7  and  at  greater  concentrations  of  Fe'*"*’  ions  it  is  possiljle  to  partially  pre¬ 
cipitate  the  hydrate  of  ferrous  oxide  [7].  The  use  of  any  compound  which  forms  a  complex  (as  tartaric  acid,  etc.) 
is  inconvenient,  since  in  this  case,  evidently,  the  equilibrium  concentration  of  free  Fe  ions  will  be  considerably 
less  than  the  total  concentration  of  ferrous  iron  not  bound  to  dimethy^lyoxime.  The  latter  circumstance  does  not 
interfere  with  the  explanation  of  the  question  raised  above  concerning  the  composition  of  the  dioxime)^  since  for 
this  purpose  it  was  necessary  tA'^  measure  only  the  degree  of  displacement  of  the  equilibrium  at  changing  pH  of  the 
solution.  However,  it  was  impossible  to  set  up  &e  curect  calculation  from  these  same  data  of  the  numerical  values 
of  the  instability  constants  of  lerrous  dioxirae  . 

Experiment  showed  that  in  dilute  solutions  at  Fe  concentrations  of  the  ©rderof  10“*-  10  *  mole  in  the 
presence  of  a  sufficient  excess  of  dimethyiglyoxime,  it  is  not  necessary  to  introduce  tartaric  acid,  since  under 
these  conditions  a  precipitate  of  Fe(OH)j  is  not  formed.  It  is  true  that  rather  rapid  oxidation  in  air  is  observed; 
consequently  the  measurement  of  the  optical  density  was  canied  out  by  us  as  rapidly  as  possible  after  the  {repar¬ 
ation  of  each  solution.  In  addition,  hydrazine  sulfate,  the  solution  of  which  was  preliminarily  brought  by  addition 
of  alkali  to  the  necessary  pH  value,  was  introduced  into  the  solution.  This  solution  plays  the  role  of  a  buffer  and 
at  the  same  time  reduces  the  oxidation  of  ferrous  iron.  In  order  to  diminish  the  influence  cf  oxidation  of  the  iron 
by  air,  it  was  convenient  to  work  with  as  concentrated  as  possible  solutions  of  the  complex.  In  view  of  the  intense 
coloration  of  such  solutions  the  optical  density  was  measu  red  with  layers  of  small  thickness. 

The  solutions  for  measuring  the  optical  density  were  prepared  in  the  following  manner.  To  10  ml  of  previous¬ 
ly  prepared  solution,  containing  hydrazine  sulfate  and  alkali*  1  ml  of  a  solution  of  Mohr's  salt  (10**  mole  per  liter) 
and  1  ml  of  0.1  molar  alcoholic  dimethyiglyoxime  solution  added.  The  optical  density  of  the  colored  solution 
obtained  was  measured  with  a  light  filter  with  an  effective  wave  length  of  533  m/i,  at  a  layer  thickness  of  1  mm. 

In  a  separate  test  sample,  containing  10  ml  of  buffer  solution  and  1  ml  of  Mohr  salt  ( i.e.,  without  dimethyiglyoxime), 
the  pH  was  verified  by  a  colcaimetric  method  (with  a  two  color  indicator).  The  results  of  the  measurements  of  op¬ 
tical  density  at  various  pH  values  of  the  solution  are  set  forth  in  the  table. 

Taking  into  account  the  conditions  of  the  experiments  and  the  {>ossible  errors  (  in  particular  the  {>artial  oxidation 
of  Fe*"*’),  we  utilized  the  following  method  of  treating  the  results.  At  a  pH  iaj)proximately  equal  to  7.7  it  can  be  i 
assumed  that  the  iron  is  completely  bound  in  the  colored  complex;  consequently  the  ratio  of  the  optical  density  in  \ 
each  separate  ex{)eriment  (Djj)  to  the  optical  density  D  =  0.65  gives  the  ratio  of  the  concentrations  [Fecomplexl  ! 
[Fe^Qtai].  These  data  are  set  forth  in  column  3  of  the  table.  Knowing  both  concentrations  ([FCcomplexl  t^®total^^ 
we  can  calculate  (by  differences)  the  concentration  of  the  Fe++  ions  which  are,  not  boundin  the  complex  and  find 
the  ratio  of  the  concentrations  of  the  complex -bound  and  unbound  iron,  i.e.,[F^llDm)2)/[F®^  }  .  These  ratios  are 

set  forth  in  column  4  in  the  form  of  their  logarithms.  ’ 

Expressing  the  constants  of  equation  (2)  logarithmically,  we  obtain; 

logK-  =  2  1og[H^]  +  log-i^|^Sr^  -2  1og[H,Dm].  (4) 

ire  j 

Keeping  in  view  that  in  all  the  solutions  there  was  a  sufficient  excess  of  free  dimethyiglyoxime,  we  can  cal- 
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culate  the  constant  concentration  [HjDm]  and  transform  equation  (4)  in  the  following  manner; 

log  -  =2pH  + const.  (5) 

This  relationship  should  be  expressible  by  a  straight  line;  if  on  the  graph  identical  scales  for  log  [Fe(I®m)2]/  [Fe  ] 
and  for  pH  are  takein,  then,  evidently,  the  tangent  of  the  angle  of  inclination  of  the  straight  line  will  be  6qual  to 
the  coefficient  at  the  pH,  i.e.  must  be  tan  a  =  2.  In  this  case,  if  the  reaction  were  proceeding  in  accord  with 
equation  (3),  tan  a  would  be  equal  to  4. 

TABLE 
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^^^complex^ 

,  [F®boundl 
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Fig,  4.  Dependence  of  the  logarithm  of 
the  ratio  of  the  concentrations  of  complex 
bound  and  unbound  iron  on  the  pH. 

1)  Tan  a  =  2;  2)  tan  a  =  1;  3)  experimen¬ 
tal  data. 


In  Fig.  4  the  results  obtained  on  the  basis  of  the  experiments 
considered  in  the  table  are  noted  by  the  points.  As  is  evident,  the 
points  do  not  fit  on  a  single  stright  line,  which  suggests  the  presence 
in  the  system,  in  addition  to  FefHDmlj,  of  still  other  complex  com¬ 
pounds.  But  beginning  at  a  pH  approximately  equal  to  6.5  and  higher 
the  points  almost  fit  on  a  straight  line,  the  tangent  of  the  angle  of  in¬ 
clination  of  which,  tan  a  =  2.  A  dependence  which  corresponds  to 
tan  a  =  4  is  not  found  in  any  pH  range;  thus,  the  hypothesis  to  the 
effect  that  the  reaction  at  the  given  pH  can  proceed  in  accord  with 
equation  (3)  must  be  rejected.  In  exactly  the  same  way,  evidently 
there  is  no  basis  for  assuming  the  formation  of  a  product  of  the  add¬ 
ition  of  the  dimethylglyoxime  molecule.  According  to  the  data  of 
Fig.  4  it  is  evident  that  up  to  pH  6.2 —G, 5  the  inclination  of  the  curve 
corresponds  to  the  coefficient  at  H^  equal  to  1.  The  results  of  the 
calculations  set  forth  in  column  6  of  the  table,  confirm  these  con¬ 
clusions.  Actually,,  the  calculated  value  of  the  equilibrium  constant 
K'equil  [FeHDm^][H^] 

'  [Fe'*’''^"]  [I^Dm]  proves  to  be  rather  constant  in  the  pH 

range  from  5.6  to  6.2.  After  this  the  value  of  the  ccHistant  b  egins 
to  significantly  change  (the  corresponding  values  are  placed  in  paren¬ 
theses),  since  the  equilibrium  ceases  to  correspond  with  equation  i(8). 
On  tne  other  haiid,  the  values  of  the  constant,  calculated  on  the  basis 


of  equation  (2)  (column  6  of  the  table),  prove  to  be  variable  at  pH  values  from  5.6  to  6.2  (these  values  are  placed 
in  parentheses  in  the  table);  however  at  pH  >  6.2  the  values  of  become  constant;  In  connection  with  what 

has  been  sai(j(  during  the  calculation  of  the  average  value  [  in  accord  with  equation  (1)]  attention  is  paid 

only  to  the  values  obtained  in  the  pH  range  from  6.5  to  7.5, 


equil,  [Fe++]  [iiomf 


(6) 


The  first  acid  dissociation  constant  of  dimethylglyoxime  [8]  is  equal  to  -J' 


=  8*10 
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Comparing  the  expression  for  the  constant  of  equation  (2)  with  the  first  acid  dissociation  constant  of  dimethyl - 

[Fe++]  [HDm'f 

glyoxime  and  the  instability  constant  of  the  complex  [Fe  (HDm^] - 


we  obtain:  K 


equil. 


K 


HjPtn  ^  From  this  the  (value  of  the  instability  constant  of  the  complex  of  divalent  iron  with  dimethylglyoxime 


ir 

complex 

can  be  calculated: 


K 


complex 


[Fe-'^'^]  [HDm'f 
[Fe(HDm)2] 


(8tl0  '^f 


0.32  ,-10 


-=r 


=  2.0  .  10 


-IS 


(7) 


4.  Other  Complexes  in  the  System  Fe'*"*'  -  Dimethylglyoxime  in  Solution.  During  the  reaction  of  the  central 
ion  with  the  coordinated  ion  in  solution,  depending  on  the  concentration  conditions,  there  are  ordinarily  formed 
several  complex  groups  of  varying  composition.  A  mwe  detailed  investigation  of  the  system  Fe"*’'*’  -  dimethyl¬ 
glyoxime  showed  that  the  complex  Fe(HDm)2  described  above,  although  it  appeared  predominant  over  a  rather 
wide  range  of  concentrations,  none  the  less  is  not  the  sole  compound  in  this  system.  Omitting  the  experimental 
details,  a  number  of  data  can  be  adduced  which  indicate  the  formation  of  other  complex  groups  which  differ  from 
that  described  above  in  the  ratio  Fe++  :  HjDm  and  in  stability. 


During  the  study  of  the  equilibrium  formation  of  the  complex  at  various  pH  values  it  could  be  shown  (Fig.  4), 
that  in  more  acidic  medium  (pH  approxtnately  equal  to  5.4 -6.5)  the  value  of  tan  a  is  approximately  equal  to  1. 
This  means  that  in  this  portion  of  the  concentration  conditions  the  equilibrium  of  the  reaction  between  Fe'*"*'  and 
H2Dm  depends  on  the  first  power  on  the  concentration  of  H*^  ions.  In  this  range  of  conditions  it  is  most  probable 
to  consider  the  reaction  to  be 


Fe++  +  HjDm  =  (FeHDm)"^  +  H'^ 


(8) 


(  The  corresponding  values  of  are  shown  in  column  5  of  the  table). 

The  formation  nf  a  similar  complex  group  (FeHDm'*')  is  confirmed  by  a  number  of  other  data.  Thus,  the 
series  of  Isomolar  solutions  at  very  low  concentnations  of  the  reacting  components  gives  results  which  differ  from 
the  curve  of  Fig.  1;  under  these  conditions  displacement  of  the  maximum  in  the  directicMi  of  the  ratio  Fe''”‘:i^Dm  =  1.1 
is  observed.  It  is  true  that  in  strongly  diluted  solutions  it  Is  difficult  to  eliminate  the  influence  of  the  oxygen  of 
the  air;  consequently  we  carried  out  several  additional  experiments.  The  colored  complex  formed  in  the  system 
Fe— HjDm  was  partially  extracted  with  several  organic  solvents;  it  was  thereupon  observed  that,  if  an  excess  of 
Fe'*"*'  ions  was  introduced  into  the  aqueous  phase,  then  the  color  of  the  extract  was  appreciably  different  from  the 
color  of  the  extract  obtained  with  excess  dimethylglyoxime.  Finally,  during  the  electrolysis  of  an  aqueous  solution 
containing  excess  Fe^'''  (relative  to  the  dimethylglyoxime),  the  movement  of  the  colored  layer  to  the  cathode  is 
observed.  With  excess  Fe^,  it  is  evident,  the  following  reaction  occurs: 

Fe(HDm)2  +  Fe"^"^  =  2FeHDm'^.  (9) 

In  addition  to  the  FeHDm^  complex  described  above  [along  with  Fe(HDm)2],  at  least  one  additional  complex 
is  also  formed  in  stongly  alkaline  medium  with  excess  dimethylglyoxime  anions.  This  is  confirmed  by  the  following 
data.  As  was  shown  above,  the  colored  complex  FefHDm)^  is  formed  only  at  pH  approximately  equal  to  7  while 
a  complex  analogous  in  composition  to  the  difficultly  soluble  nickel  complex  is  also  formed  in  a  more  acid  medium. 
This  indicates  that  the  energy  of  the  chemical  bond  between  Ni"*"^  and  HDm"  ions  is  considerably  greater  than  the 
energy  of  the  chemical  bond  between  the  Fe'*"'^  and  HDm"  icms.  Thus,  the  equilibrium 

Fe(HDm)i  +  Ni++=;=^  Ni(HDm)i  +  Fe"^^  (10) 


must  be  strongly  displaced  to  the  right.  The  constant  of  this  equilibrium  must  be  equal  to: 


Fe" 


^equil.  [Ni"'"‘][Fe(HDm)2] 


=  _^^complex 

‘^s(Ni(HDm)j) 


(11) 


The  solubility  product  of  nickel  dioxime  is  equal  to: 


K  =  [Ni++]  [HDm'f  =  2  ’  10 '*8. 

s(Ni(HDm)|)  '■  ^ 


Placing  the  value  of  Kj  and  ^complex  equation  (ill),  we  obtain: 


Kequil.  “ 


complex 


^s(Ni(HDm)j) 


2-10'^» 
2* 10'“ 


=  I-'IO^V 
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This  quantity  shows  that  equilibrium  (10)  must  be  almost  completely  displaced  to  the  right.  Actually,  if 
nickel  salt  is  added  to  a  weakly  alkaline  solution  (pH  approximately  equal  to  8)  of  Fe  (HDm)j,  a  red  precipitate 
of  nickel  dioxime  '  is  at  once  formed.  This  precipitate  is  excellently  extracted  by  chloroform* ,  and  the  aqueous 
phase  is  completely  decolorized.  This  confirms  the  conclusion  set  forth  above.  However,  if  a  similar  experiment 
is  performed  at  a  greater  excess  of  NH4OH,  then  the  precipitate  of  nickel  dioxlme '■  is  not  formed.  By  shaking  such 
a  solution  with  chloroform,  absolutely  no  extraction  of  nickel  dioxlme  is  observed. 

On  the  basis  of  the  latter  data,  by  analogy  with  other  complexes  of  metals  with  weakly  monobasic  acids, 
and  also  by  analogy  with  the  Cu'*"''  —  dimethylglyoxime  system  [9],  the  formation  of  complexes  of  disubstituted 
salts  can  be  assumed  according  to  the  following  reaction; 

Fe(HDm)j  +  20H‘  =  (FeDm,"")  +  2H|0 
or 

Fe(HDm)^  +  OH’  =  FeDm  +  HDm"  +  HjO 

It  is  well  known  that  the  precipitate  of  nickel  dioxlme  is  dissolved  in  caustic  alkalis  which,  apparently, 
is  associated  with  the  formation  of  a  similar  di -substituted  compound  of  dimethylglyoxime  NiDrti|i"‘  [10].  However 
as  a  consequence  of  the  very  small  solubility  of  nickel  dioxime  Ni(HDm)i  a  similar  process  takes  place  for  it  only 
with  excess  caustic  alkali.  At  the  same  time,  for  the  quite  soluble  Fe(HDm)|  complex  a  similar  process  must  occur 
considerably  earlier,  i.e..  at  a  smaller  excess  of  OH  ions. 

The  very  energetic  oxidation  of  Fe^^  in  strongly  alkaline  solutions  extraordinarily  complicates  the  more  exact 
investigation  of  the  equilibrium  and  composition  of  the  complexes  being  formed.  None  the  less,  the  experiments 
set  forth  show  the  formation  of  ferrous  dioxime  to  be  stronger  than  nickel  dioxime;. . 


SUMMARY 

The  method  of  physicochemical  analysis  of  solutions  was  utilized  for  the  study  of  the  colored  complex  of  the 
dioxime  of  divalent  iron.  The  optical  density  was  measured  as  a  property  of  the  system.  It  was  found  by  the  method 
of  isomolar  series  and  by  other  sections  of  the  Fe’*"''  — ‘H2Dm  system  that  the  composition  of  the  complex  at  pH 

approximately  equal  to  6.5  —8  corresponds  to  a  ratio  of  Fe'*"’’ :  HjfDm  equal  to  1:2. 


The  dependence  of  the  equilibrium  of  the  reaction  on  the  concentration  of  H'*'  ions  was  studied, 
of  these  data  the  instability  constant  of  the  complex  was  calculated: 


_  [Fe^ntHDm’f 

complex  [Fe(HDm)i] 


(8-10~^*iF 

0.32  •  10'® 


2.10’“ 


On  the  basis 


It  was  shown  that  in  more  acid  medium,  and  also  with  excess  Fe'*"*',  another  complex  group  is  formed;  it  is 
most  probable  that  this  is  FeHDm  . 


In  more  alkaline  medium  with  excess  dimethylglyoxime  anions  a  more  stable  complex  is  formed  in  which 
iron  replaces  2  hydrogen  atoms  of  the  dimethylglyoxime. 
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SOLUBILITY  IN  THE  WATER-ETHYL  ALCOHOL-AMMONIUM 


DIFLUORIDE  SYSTEM  AT  25* 

A.  K.  Zhdanov  and  M.  A.  Sarkazov 


In  connection  with  the  question  of  the  optimal  composition  of  water-alcohol  mixtures  for  washing  pre¬ 
cipitates  of  binary  and  complex  fluorides  one  of  us  [IJ  undertook  the  study  of  the  equilibria  in  the  ternary 
system  water-^thylalcohol—  sodium  fluoride  and  showed  that  the  solubility  of  sodium  fluoride  is  diminished  with 
increasing  quantity  of  alcohol  in  the  mixture  The  results  of  the  study  of  the  equilibria  in  the  system  water  — 
ethyl  alcohol  —  ammonium  difluoride  at  25*  are  presented  in  the  present  communication. 

Binary  System  Ammonium  Difluoride  —  Watet  The  solubility  of  ammonium  difluoride  in  water  at  various 
temperatures  was  studied  by  Spitsin,  Sokolova.  Popova  and  Zaring[2]  and  later  by  Yaltov  and  Polyakova  [3].  The 
first  investigators  [2]  determined  the  solubility  of  ammoniuin  difluoride  in  1  and  5<5t  aqueous  solutions  of  hydroflu¬ 
oric  acid  at  -20.  -10.  0.  10,  20  and  50*.  The  second  group  of  investigators  [3]  determined  the  solubility  of  am¬ 
monium  difluoride  in  water  at  0.  10.  20,  40.  60.  80  and  100*.  They  established  that  the  solid  phase  at  all  temper¬ 
atures  in  the  binary  system  consisted  of  the  anhydrous  salt. 

EXPERIMENTAL 

Reagents  .  In  the  course  of  carrying  out  the  present  investigation  we  usedreagents  of  a  rather  high  degree 
of  purity.  K^hlfaaum  brand  ammonium  difluoride  was  used;  alcohol  rectificate  was  subjected  to  fractional  dis¬ 
tillation  and  its  content  in  the  distillate  was  established  via  measurement  of  the  density.  The  solutions  of  other 
substances  which  we  used  for  the  analysis  of  the  solutions  and  moist  precipitates,  as.  for  example,  potassium  di¬ 
chromate,  sodium  thiosulfate,  alkalis  and  acids,  were  prepared  from  chemically  pure  brand  reagents.  The  water 
was  twice  redistilled. 

With  the  object  of  determining  the  solubility  of  ammonium  difluoride  in  water  at  25*  and  verifying  the 
literature  data,  experiments  were  get*  up  involving  the  determination  of  the  solubility  of  this  salt  in  water  at  0„ 

25,  40  and  50*  in  a  paraffined  vessel.  The  values  for  the  solubility  of  ammonium  difluoride  in  water  were  cal¬ 
culated  from  die  results  of  the  analysis  of  the  saturated  solution  for  content  of  ammonium  and  fluorine. 

In  Table  1  along  with  our  data  for  the  solubility  of  ammonium  difluoride  in  water  at  0,  20,  40  and  60* 
are  presented  the  data  obtained  by  Yaltov  and  Polyakova  [3]. 


TABLE  1 


Solubility  of  Ammonium  Difluoride  in  Water 


Solubility  (in<% 

by  weight) 

Temperature 

According  to 
V.S. Yaltov  and 
E.M.  Polyakov  a 

Our  Data 

28.45 

32.87 

0* 

37.56 

— 

20 

— 

43.73 

25 

50.05 

53.03 

40 

— 

54.15 

50 

61.00 

— 

60 

Equilibrium  in  the  water-ethyl  alcohol-ammonium 
difluoride  system  at  25*. 
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It  is  evident  from  the  data  of  Table  1  that  the  values  obtained  by  us  for  the  solubility  of  ammonium  difluoride 
for  0  and  40*  are  higher  than  those  of  Yaltov  and  Polyakova  [3].  As  the  ammonium  difluoride  used  by  us  was  of 
a  high  degree  of  purity,  we  are  inclined  to  think  that  the  low  values  for  solubility  of  the  difluoride  obtained  by 
Yaltov  and  Polyakova  were  due  to  the  insufficient  purity  of  the  ammonium  difluoride. 

Preparation  of  Saturated  Solutions  of  Ammonium  Difluoride 

I 

The  preparation  of  the  saturated  solutions  of  ammonium  difluoride  mixtures  was  carried  out  in  a  special  vessel 
with  a  mercury  seal.  The  study  of  the  equilibria  was  begun  with  solutions  containing  a  large  quantity  of  alcohol 
and  solid  ammonium  difluoride.  The  increase  in  the  content  of  water  in  the  mixture  was  achieved  by  introducing 
into  the  vessel  of  a  definite  quantity  of  bidistillate.  Such  a  procedure  for  the  study  of  the  equilibria  in  the  system 
was  due  to  the  fact  that  in  the  presence  of  alcohol  fluorides  have  practically  no  action  on  glass.  The  quantity  of 
water  introduced  into  the  vessel  to  prepare  the  saturated  solutions  of  difluoride  was  calculated  on  the  basis  of  the 
analytical  data  of  the  preceding  test  solution  so  that  a  solution  with  the  assigned  content  of  alcohol  would  be 
obtained. 

The  mixture  was  subjected  to  thermostating  with  constant  intensive  stirring  for  a  duration  of  6-8  hours,  after 
which  the  solution  in  the  vessel  was  let  stand  at  the  same  temperatiue  and  the  removal  of  a  sample  of  the  solu¬ 
tion  and  the  ground  phase  was  carried  out. 

It  was  established  by  special  experiments  that  the  equilibrium  in  the  system  was  reached  after  4-5  hours  of 
continuous  stirring,  and  consequently  subsequently  the  stirring  for  all  samples  was  carried  out  for  6-8  hours. 

At  the  same  time  that  samples  of  the  solution  were  removed  for  analysis,  a  sample  of  the  solution  was  re¬ 
moved  in  a  pyknometer  to  determine  the  density  and  also  a  sample  of  the  moist  precipitate  to  determine  the 
composition  of  the  solid  phase  by  the  residue  method. 

Methods  of  Analysis  of  the  Solutions  and  Moist  Precipitates .  The  solutions  and  moist  precipitates  were 
analyzed  for  their  content  of  ediyl  alcohol  and  ammonium  difluoride.  The  content  of  water  was  determined 
by  differences. 

The  determination  of  the  alcohol  content  in  the  samples  taken  for  analysis  as  well  as  of  the  solid  phase  was 
carried  out  by  the  iodometric  method  as  in  the  preceding  work  [1].  The  content  of  ammonium  difluoride  for  the 
majority  of  samples  was  found  by  determination  of  ammonium  and  fluorine.  For  a  small  number  of  samples 
only,  die  ammonium  was  determined  by  a  direct  (distillation)  method  based  on  the  titration  with  a  standard 
solution  of  alkali  of  the  excess  of  0,1  N  acid  introduced  which  was  left  after  absorption  of  the  ammonia  c . 
evolved  from  the  sample  under  the  action  of  alkali.  The  content  of  fluorine  in  the  samples  taken  was  determined 
by  a  modified  Stark  method  [1]. 

DISCUSSION  OF  RESULTS 

The  results  obtained  by  us  for  the  determinations  of  the  solubility  of  ammonium  difluoride  in  water-alcohol 
mixtures  of  varying  composition  are  presented  by  us  in  Table  2  and  depicted  graphically  in  the  figure  in  the  form 
of  a  Gibbs  triangular  diagram. 

As  is  evident  from  the  data  of  Table  2  and  the  figure,  the  solubility  of  ammonium  difluoride  in  water-alcohol 
mixtures  of  varying  compositionis  diminished  with  increasing  quantity  of  alcohol  in  the  mixture  and  reaches  1.12Pjo 
by  weight  in  a  water-alcohol  mixture  containing  about  90’^  alcohol,  in  place  of  42.73%  by  weight  in  pure  water. 

It  is  evident  from  consideration  of  the  triangular  Gibbs  diagram  that  all  conoids’,  of  composition  of  the  solu¬ 
tion—  composition  of  the  fvecipitate  converge  in  the  corner  of  the  diagram  corresponding  to  100%  of  ammonium 
difluoride.  It  can  therefore  be  considered  that  the  solid  phase  in  the  water  —  ethyl  alcohol  —  ammonium  difluoride 
system  consists  of  anhydrous  ammonium  difluoride. 

SUMMARY 

1.  The  solubility  in  the  system  water  —  ethyl  alcohol  —  ammonium  difluoride  at  25*  was  determined. 

2.  The  determination  of  the  solubility  of  ammonium  difluoride  in  water  at  0,  25,  40  and  50*  was  carried  out. 

3.  It  was  establi^ed  that  the  solid  phase  in  die  ternary  system  water  —  ethyl  alcohol  —  ammonium  difluoride 
at  25*  consists  of  anhydrous  ammonium  difluoride. 


TABLE  2 

Equilibria  in  the  Water-  Ethyl  Alcohol  —  Ammonium  Difluoride  System  at  25' 


Density 

Composition  of  the  solution  (in<lj()  by  weight) 

Composition  of  the  moist  precipitate  (in*^  by  weight) 

of  the 

solution 
(g/  ml) 

Alcohol 

Ammonium 

di  fluoride 

Water 

Alcohol 

Ammonium 

difluoride 

Water 

0  8118 

88.21 

1.73 

10.06 

0.60 

95.13 

4.27 

0.8302 

84.80 

2.95 

12dJ5 

0.53 

93.62 

5.85 

0.8514 

75.90 

5.02 

19.08 

0.52 

95.41 

4.07 

0.8716 

73.24 

6.53 

20.23 

0.99 

94.88 

4.13 

0.8979 

63.97 

11.17 

24.86 

5.57 

90,34 

4.09 

0.9395 

49.69 

16.53 

33.78 

1.95 

90.63 

7.42 

0.9813 

37.55 

22.19 

40.26 

1.95 

95.03 

13.02 

— 

27.69 

28.45 

43.86 

— 

— 

— 

21.47 

30.47 

48.06 

1.45 

96.82 

1.73 

— 

0.83 

38.97 

60.20 

— 

— 

— 

— 

— 

43.73 

56.27 

— 

— 

u. 

X 

£ 
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4.  It  was  established  that  the  solubility  of  ammonium  difluoride  in  water-alcohol  mixtures  diminishes 
with  increasing  content  of  alcohol  in  the  mixture  and  reaches  at  25*  a  value  of  1.73^  by  weight  in  the  presence 
of  90*^5)  alcohol  instead  of  43.73^  by  weight  in  pure  water. 
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SOLUBILITY  IN  THE  SYSTEM  WATER  “  ETHYL  ALCOHOL- 
SODIUM  FLUORIDE  AT  0  AND  25" 

A.  K.  Zhdanov 

It  has  been  noted  for  some  time  now  that  the  solubility  of  manv  inorganic  compounds  in  water  is  markedly 
diminished  by  addition  of  organic  solvents,  for  example  of  alcohols,  k  stones  and  cetain  other  substances.  This 
phenomenon  has  served  as  the  basis  for  the  utilization  of  organic  solvents  in  chemical  analysis.  The 
sseparatibni  of  a  whole  series  of  salts  is  based  on  the  differential  solubility  of  them  in  various  solvents  [1-5]. 

In  a  number  of  cases  water-alcohol  mixtures  find  application  in  chemical  analysis  fa  washing  precipitates 
which  are  appreciably  soluble  in  water,  with  the  object  of  washing  them  free  from  excess  precipitant  and  other 
salts  found  in  the  mother  Uqouor  and  included  in  the  precipitate.  The  best  conditions  for  washing  a  precipitate 
must  be  considered  such  that  the  alcohol -water  mixture  employed  to  wash  the  precipitate  hardly  dissolves  the  pre¬ 
cipitate  but  significantly  dissolves  the  excess  precipitant  and  other  salts  included  in  the  mother  liquor.  It  should 
be  noted  that  in  the  question  of  the  composition  of  the  water-alcoholic  mixtures  which  should  be  used  to  wash  pre¬ 
cipitates,  empiricism  is  the  rule  and,  in  particular,  literature  data  on  the  solubility  of  the  fluorides  of  the  alkaline 
metals, which  are  used  as  precipirtan-'S  in  photometric  methods  of  analysis, are  absent;  consequently  it  is  of  interest 
to  study  the  equilibria  in  the  system  water -ethyl  alcohol -sodium  fluoride  and  on  the  basis  of  the  results  obtained 
to  proceed  to  the  solution  of  the  problem  concerning  the  optimal  composition  of  water -alcohol  mixtures  for  wash¬ 
ing  the  precipitates  of  binary  and  complex  fluorides. 

EXPERIMENTAL 

Perparation  of  the  Reagents.  Sodium  fluoride  was  prepared  by  neutralizing  pure  hydrofluoric  acid  with  a  solu¬ 
tion  of  sodium  hydroxide  with  phenolphthalein  as  the  indicator  with  subsequent  concentration  of  the  sodium 
fluoride  solution  almost  to  dryness  on  an  air  bath.  The  precipitate  which  settled  out  was  filtered  through  a  porous 
filter,  .washed  with  bidistillate  to  the  disappearance  of  the  rose  color,  transferred  into  a  platinum  dish  and  dried 
in  a  drying  chamber  at  150". 

The  aUcohol  rectificate  was  subjected  to  redistillation.  The  content  of  alcohol  in  the  distillate  was  estab¬ 
lished  by  density  measurements  with  the  aid  of  a  pyknometer  at  25". 

The  solutions  of  other  substances  necessary  for  carrying  out  the  present  investigation  were  prepared  from 
chemically  pure  reagents.  Certain  of  the  reagents  were  additionally  purified  by  recrystaliization  from  bidistillate. 

The  water  was  twice  redistilled. 

Determination  of  the  Solubility.  The  solubility  in  the  system  water  —  ethyl  alcohol  —  sodium  fluoride 
was  determined  at  0  and  25". 

The  preparation  of  saturated  solutions  of  sodium  fluoride  in  water -alcohol  mixtures  was  carried  out  in  a 
special  apparatus  with  a  mercury  seal. 

The  water -alcohol  mixtures  with  varying  compositions  were  prepared  preliminarily  in  conical  flasks  with 
ground  stoppers  by  mixing  weighed  quantities  of  water  and  alcohol.  In  all  the  flasks  dry  sodium  fluoride  was 
introduced  in  a  quantity  exceeding  the  magnitude  of  its  solubility  in  water  to  obtain  a  saturated  solution.  The 
thus  prepared  solutions  were  kept  fcx  a  prolonged  time  (1.5  —2  months)  at  room  temperature,  with  periodic 
shaking  and  then  were  transferred  into  an  apparatus  for  the  determination  of  the  solubility  and  thermostated  at  con¬ 
stant  intensive  stirring  for  a  duration  of  6-8  hours,  after  which  the  removal  of  samples  of  the  solution  was  carried 
out  at  the  same  temperature  with  a  special  pipet  with  a  filtration  glass  plate  sealed  in  it.  In  several  cases  samples 
of  the  ground  phase  were  removed  in  preliminarily  weighed  containers. 

Methods  of  Analysis  of  the  Solutions  and  Moist  Precipitates.  The  samples  of  the  solution  and  ground  phase 
taken  were  analyzed  for  content  in  them  of  ethyl  alcohol  and  sodium  fluoride.  The  content  of  water  was  determined 
by  differences.  To  determine  the  content  of  sodium  fluoride  in  the  solution  a  weighed  quantity  of  it  was  placed 
in  a  preliminarily  weighed  platinum  dish  and  the  concentration  of  the  solution  was  carried  out  on  a  water  bath 
to  dryness  and  maintained  in  a  drying  chamber  to  constant  weight  at  150". 
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The  determination  of  the  coittent  of  alcohol  in  the  solution  and  the  groikid  phase  was  carried  out  by  an  lodome- 
tric  method  based  on  the  oxidaticm  of  ethyl  alcohol  in  acidic  medium  by  pdassium  bichromate  to  acetic  acid 
and  subsequent  titration  of  the  iodine  evolved  with  thiosulfate. 

The  sodium  fluoride  in  the  ground  phase  was  determined  by  analysis  of  the  sample  taken  for  fluorine  by  a  modi  ■ 
ficadon  of  the  Stark  method:  the  fluorine  was  precipitated  in  the  form  of  lead  fluorochloride,  the  precipitate  filtered 
off,  washed  and  dissolved  in  nitric  acid.  The  chloride  ion  evolved  from  the  precipitate  was  titrated  with  0.1  N  AgNC^ 
potentiometricafly  with  a  silver  indicator  electrode. 

DISCUSSION  OF  RESULTS 

The  results  obtained  by  us  of  the  determinations  for  the  solubility  of  sodium  fluoride  in  water -alcohol  mixtures 
of  various  compositions  are  presented  in  Tables  1  and  2  and  depicted  for  25*  graphically  (Fig.  1)  on  a  Gibbs  triangular 
diagram  and  on  a  rectangular  diagram  for  the  dependence  of  solubility  of  sodium  fluoride  chi  the  concentration  of 
alcohol  in  the  mixture  (Fig.  2). 

'  As  is  evident  from  Fig.  1,  all  the  conoids  of  composition  of  the  solution -composition  of  the  precipitate  practi¬ 
cally  converge  at  the  comet  of  the  diagram  corresponding  to  NaF;  it  can  consequently  be  considered  that 

the  solid  phase  in  the  system  water  —  ethyl  alcohol  —  sodium  fluoride  is  anhydrous  sodium  fluoride. 


TABLE  1 

Equilibrium  in  the  Water  —  Ethyl  Alcohol  —  Sodium  Fluoride  System  at  0*. 


Density  of  the 
solution  (g/ ml) 

Composition  of  the  solution  by  weight) 

H,0  1  qjHgOH  i  NaF 

i  ! 

Composition  of  the  moist  precipitate 
(‘^  by  weight) 

Ground 

phase 

HjO 

CjHsOH 

NaF 

1.0893 

96.37 

- - - f 

3.63 

_ 

— 

— 

-] 

1.0871 

88.10 

"  9:70  ; 

2.20 

- 

- 

- 

0.9880 

77.89 

1  3o:88  ; 

1.23 

23.23 

5.63 

71.14 

0.9706'  1 

69.50 

^  29.80  i 

0.70 

- 

- 

- 

0.9523  i 

59.00 

40.60  j 

0.40 

14.06 

10.44 

75.50 

y  war 

0.9258 

46.48 

53.26  • 

0.26 

- 

- 

- 

0.9018  j 

38.67 

61.30  j 

0.03 

13.40 

8.18 

78.42 

0.8623  j 

18.60 

81.38  1 

i 

0.02 

— 

— 

- 

J 

TABLE  2 


Equilibrium  in  the  Water  —  Ethyl  Alcc^ol  —  Sodium  Fluoride  System  at  25* 


Density  of  the 
solution  (g/  ml) 

Composition  of  the  solution(*^  by  weight) 

Composition  of  the  moist  precipitate  j 

(lo  t  by  weight) 

Ground 

phase 

HjO 

C2H5OH  j 

NaF 

1.038 

96.15 

— 

3.85 

— 

- ^ 

1 

1 

— 

- 

1.007 

87.48 

10.11 

2.41 

29.14 

4.34  i 

66.52 

0.9798 

77.81 

20.81 

1.38 

22.53 

7.44  1 

70.03 

0.9572 

71.04 

28.31 

0.65 

26.31 

10.50  t 

63.19 

0.9312 

57.13 

42.47 

0.40 

- 

-  1 

- 

NaF 

0.9131 

42.05 

50.54 

0.31 

16.22 

17.64  { 

66.14 

0.8912 

40.15 

59.71 

0.14 

- 

- 

0.8764 

32.28 

67.64 

0.08 

10.43 

25.36  1 

64.21 

0.8446 

27.63 

72.33 

0.04 

- 

! 

- 

0.8175 

17.44 

82.54 

0.02 

- 

1 

- 

- 

As  is  evident  from  Fig.  2,  the  solubility  curve  of  sodium  fluoride  in  water -alcohol  mixtures  initially  falls 
steeply, to  an  approximate  content  of  alcohol  in  the  mixture  of  40  -50*^  by  weight.  Upon  further  increase  in  the  con¬ 
tent  of  alcohol  in  the  mixture  the  angle  of  inclination  of  the  curve  is  less  and  the  curve  itself  proceeds  more  smooth¬ 
ly,  showily  that  the  solubility  of  sodium  fluoride  in  the  presence  of  such  quantities  of  alcohol  is  practically  slightly 
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Fig.  2.  Dependence  of  the  solubility  of  sodium 
fluoride  on  the  content  of  alcohol  in  the  water-alcohol 
mixture  at  25*. 


Fig.  1.  Equilibria  in  the  water  —  ethyl  alcohol  —  sodium 
fluoride  system  at  25*. 


changed.  On  the  basis  of  the  results  obtained  it  is  pos¬ 
sible  to  come  to  the  conclusion  that  for  washing  pre¬ 
cipitates  of  binary  and  complex  fluorides  free  from 
excess  precipitant  and  other  admixtures,  water-alcohol 

mixtures  containing  45-50^  alcohol  should  be  used  if  the  washing  is  carried  out  with  cooled  mixture  and  50  -60*^  at 
temperatures  significantly  above  0°.  To  use  water -alcohol  mixtures  with  a  greater  content  of  alcohol  for' washing 
the  precipitates  is  inadvisable  since,  in  view  of  the  insignificant  solubility  of  sodium  fluoride  and  other  salts  in  strong 
water -alcdiol  mixtures,  not  all  the  admixture  will  be  washed  off.  The  density  of  the  solutions  of  sodium  fluoride  in 
water -alcdiol  mixtures  is  diminished  with  increase  in  the  percentage  content  of  alcdiol  in  the  mixture.  Since  the 
solubility  of  sodium  fluoride  in  water  is  small  while  it  becomes  still  less  in  water -alcohol  mixtures,  the  charge  in 
density  of  the  solutions  in  the  given  ternary  system  is  in  accord  with  its  change  in  the  binary  system  water -alcohol. 


SUMMARY 

1.  The  solubilities  of  sodium  fluoride  at  0  and  25*  were  determined  in  the  system  water  —  ethyl  alcohol  — 
sodium  fluoride. 

2 .  It  was  established  that  the  solid  phase  in  the  ternary  system  water  —  ethyl  alcdiol  —  sodium  fluoride  at  0 
and  25®  is  sodium  fluoride, 

3.  It  was  established  that  the  solubility  of  sodium  fluoride  in  water -alcohol  mixtures  diminishes  with  increas¬ 
ing  alcdiol  crxitent. 

4.  Since  the  solubility  of  sodium  fluoride  in  water -alcohol  mixtures  containing  more  than  50*^  of  alcohol 

is  very  small  and  practically  is  slightly  changed  upon  further  increase  in  the  concentration  of  alcohol  in  the  mixture, 
to  wash  precipitates  of  binary  and  complex  fluorides  free  from  excess  sodium  fluoride  and  other  admixtures  a 
water -alcohol  mixture  containing  50 -60^^  of  alcohol  should  be  used. 
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ON  THE  ROLE  OF  THE  STATE  OF  THE  SURFACE  OF  THE  CATHODE  IN  THE 


ELECTROREDUCTION  OF  AROMATIC  NITRO  COMPOUNDS 

N.  A,  Izgaryshev  and  M.  Ya  Fioshin 


The  course  of  the  electroreduction  process  of  organic  ompounds  depends  to  a  large  extent  on  the  nature  of  the 
cathode  material.  One  of  the  basic  causes  of  the  existence  of  this  dependence  is  the  hydrogen  overvoltage.  It  is 
customary  to  assume  that  the  greater  the  hydrogen  overvoltage  at  the  cathode,  the  higher  its  reducing  properties,  i.e., 
the  more  profoundly  and  intensively  electroreduction  process  proceeds  [1].  If  the  hydrogen  overvoltage  at  the  given 
cathode  is  small,  then  it  is  difficult  to  count  on  a  high  effectiveness  of  the  reduction  of  organic  depolarizers  (in 
particular,  if  it  ibelongs  to  the  weak  class),  since  at  strong  polarization  the  cathode  begins  to  evolve  hydrogen.  Thus, 
during  the  reduction  of  niuobenzene  in  acid  medium  on  cathodes  of  zinc  or  lead  the  formation  of  aniline  will  proceed. 
By  the  use  as  cathode  of  platinum,  the  product  of  the  incomplete  reduction  of  nitrobenzene  —  phenylhydroxylamine  [2] 
is  formed.  This  is  explained  by  the  fact  that  at  a  platinum  cathode  the  reduction  potential  of  phenylhydroxylamine 
to  aniline  is  more  negative  than  the  potential  for  the  evolution  of  hydrogen;  consequently  in  place  of  the  reduction  of 
phenylhydroxylamine  the  evolution  of  hydrogen  will  occur. 

The  direction  and  intensity  of  the  process  of  electroreduction  are  determined  not  only  by  the  nature  of  the 
cathode  material. 

Preliminary  treatment  of  the  cathode,  consisting  in  placing  on  its  surface  a  spongy  (and  in  a  number  of  cases 
dense  galvanic)  deposit  of  metals,  pickling,  mechanical  treatment,  etc.  exerted  a  very  substantial  influence  on  the 
direction  of  the  electroreduction  process  in  a  number  of  cases.  Such  preliminary  treatment  makes  it  possible  to  success 
fully  reduce  various  organic  compounds  on  metals  with  low  hydrogen  overvoltages.  Tafel  further  noted  the  fact  that 
on  spongy  lead  the  electroreduction  proceeds  with  greater  effectiveness  than  on  smooth  lead  and  proposed  a  method 
of  special  treatment  of  the  surface  of  a  lead  cathode  before  the  synthesis  [3]. 

Lebedev  and  his  coworkers  in  the  course  of  a  study  of  the  electrohydrogenation  of  vinylacetylene,  established 
that  the  process  proceeds  with  excellent  yields  only  on  copper  or  brass  cathodes  covered  with  platinum  black  [4]. 

On  smooth  platinum  the  process  proceeds  poorly.  There  are  indications  concerning  the  role  of  preparing  the  surface  of 
the  cathode  in  the  electrohydrogenation  of  acetylenic  alcdiols  in  the  works  of  Favorskaya  [5]  and  Lebedeva  [6]. 

The  preliminary  placing  of  various  metals  on  the  surface  of  the  cathode  by  the  galvanic  method  Which  con¬ 
siderably  increases  its  reduction  capacity  has  a  substantial  significance  in  a  number  of  cases.  Thus,  in  the  reduction 
of  methylethylketone  Izgaryshev  and  Aryamova  successfully  used  a  copper  cathode  having  the  form  of  a  spiral,  covered 
with  electrolytic  lead  [7]. 

Preliminary  treatment  of  the  cathode,  which  facilitates  the  increase  in  the  effectiveness  of  the  reduction  of 
organic  substances  does  not  always  lead  to  the  simultaneous  increase  of  hydrogen  overvoltage  on  the  cathode.  On 
spongy  metals,  for  example,  the  hydrogen  overvoltage  is  lower  than  on  smooth  metals,  while  the  effectiveness  of  the 
electroreduction  in  a  number  of  cases  is  considerably  greater.  At  the  same  time  the  lowering  of  the  hydrogen  over¬ 
voltage  on  the  spongy  cathodes  sometimes  reaches  0.4  V,  in  comparison  with  smooth  cathodes  [8],  There  are 
cases  in  which  on  both  catliodes  on  which  the  hydrogen  overvoltage  is  great,  the  electroreduction  proceeds  with  high 
effectiveness,  while  on  other  cathodes,  also  with  great  hydrogen  overvoltage,  the  reduction  process  proceeds  very 
poorly.  This  can  be  seen  in  the  case  of  the  electroreduction  of  2-chloromethyl-4-nitrotoluene  into  o-4-xylidene, 
studied  by  Berezovsky  and  Varkov  [9].  These  authors  detected  that  the  reduction  of  2-chloromethyl-4-nitrotoluene 
proceeds  with  high  yields  on  cathodes  made  of  zinc  and  lead.  The  yield  of  0-4-xylidene  is  consider abl«y  lowered 
by  the  use  as  cathode  of  mercury  or  coppei;  and  is  entirely  unsatisfactory  when  the  reduction  is  carried  out  on  a 
cathode  of  tin. 

Apparently,  the  fact  of  the  absence  of  a  known  relation  between  the  hydrogen  overvoltage  and  the  effective¬ 
ness  of  the  cathode  reduction,  established  for  a  large  quantity  of  syntheses,  argues  in  favor  of  the  catalytic  influence 
of  the  surface  of  the  cathode  on  the  electroreduction  of  a  number  of  organic  depolarizers.  The  fact  that  the  surface 
of  the  metal  can  exert  catalytic  influence  on  the  cathodic  and  anode  processes  is  discussed  in  the  work  of  Pecherskaya 
and  Stender  [10]. 
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The  object  of  our  work  was  the  study  of  the  electroreduction  process  of  o-,m-  and  p-nitrobenzoic  acids  into 
the  corresponding  aminobenzoic  acids  on  various  cathodes.  It  is  necessary  to  make  the  reservation  that  we  did  not 
pursue  the  goal  of  establishing  the  dependence  of  the  yields  of  aminobenzoic  acids  on  the  nature  of  the  cathode.  The 
present  investigation  should  be  considered  as  an  attempt  to  find  the  relation  between  the  state  of  the  surface  of  each 
of  the  cathodes  investigated  and  the  yields  of  aminobenzoic  acids  at  various  temperatures,  concentration  of  hydrochloric 
acid  and  current  densities.  A  brief  note  on  the  work  already  carried  out  has  been  published  previously  by  us  [11]. 

EXPERIMENTAL 

Apparatus  and  Method  of  Investigation.  The  reduction  of  nitrobenzoic  acids  was  studied  on  cathodes  of  tin, 
lead,  amalgamated  zinc,  copper  and  graphite.  The  cathodes  consisted  of  perforated  cylinders  which  were  placed  in  a 
porous  cylindrical  diaphragm,  which  served  as  a  cathode  space.  The  anode  was  prepared  from  sheet  lead.  The  nitro¬ 
benzoic  acid  was  Introduced  into  the  cathode  space  in  the  form  of  a  suspension  in  hydrochloric  acid.  15^  sulfuric 
acid  served  as  the  anolyte  in  all  cases.  The  suspension  of  nitrobenzoic  acid  was  stirred  with  a  mechanical  stirrer.  To 
maintain  the  determined  temperature  the  electrolyzer  was  placed  in  a  thermostat  supplied  with  a  thermoregulator. 

The  yields  of  aminobenzoic  acids  were  determined  by  diazotization.  The  measurement  of  the  melting  points  of  the 
aminobenzoic  acids  evolved  from  the  catholyte  after  completion  of  the  electroreduction  process  proved  to  be  in  ex¬ 
cellent  agreement  with  the  literature  data. 

The  study  of  the  influence  of  the  state  of  the  surface  of  the  cathode  on  the  yields  of  aminobenzoic  acids  was 
canied  out  at  various  temperatures,  current  densities,  concentrations  of  hydrochloric  acid  and  added  quantities  of 
CuClf  •  2H|0.  The  reproducibility  of  the  results  of  experiments  carried  out  under  identical  conditions  was  excellent 

1 .  Study  of  the  Influence  of  Temperature.  The  nitrobenzoi  c  acids  in  quantities  of  5  g  were  reduced  at  various 
temperatures  (20-75*)  on  cathodes  of  tin.  lead,  amalgamated  zinc,  copper  and  graphite.  2.32  N  hydrochloric  acid 
served  as  electrolyte,  the  current  density  at  the  cathode  amounted  to  8  A  per  square  decimete.’.  In  the  reduction  of 
the  nitrobenzoic  acids  on  cathodes  of  copper  and  graphite,  good  results  could  be  obtained  only  in  the  presence  of 
1-7  g  of  CuClg  "  21^0.  The  introduction  of  this  additive  facilitated  the  increase  in  the  yields  of  aminobenzoic  acids 
according  to  substance,  but  lowered  their  yields  according  to  current,  since  to  eliminate  the  Cu'^'‘^ions  from  the  solu¬ 
tion  an  additional  quantity  of  electricity  was  passed,  which  was  taken  into  account  in  the  calculation  of  the  yield  by 
current. 

In  Table  1  are  set  forth  the  yields  of  aminobenzoic  acids  by  substance  at  various  temperatures. 


TABLE  1 

Yields  of  Aminobenzoic  Acids  by  Substance  at  Various  Temperatures  on  Various  Cathodes 


Temp, 

1  Yield  of  acids  (in 

1  o- Aminobenzoic  1 

1  m -Aminobenzoic  | 

p  -  Aminobenzoic 

Sn 

Pb 

Zn  +  Hg 

Cu 

C 

Sn 

Pb 

Zn  +  Hg 

Cu 

C 

Sn 

Pb 

Zn  +  Hg 

Cu 

C 

20" 

65.7 

48.8 

68.0 

68.7 

— 

91.6 

60.1 

72.3 

72.8 

42.6 

29.3 

5.4 

- 

— 

— 

30 

94.5 

81.4 

87.8 

73.2 

38.4 

96.7 

69.4 

90.1 

75.4 

52.2 

38.9 

13.0 

- 

11.4 

18,2 

40 

98.0 

88.2 

96.5 

65,2 

42.6 

95.6 

85.1 

90.9 

73.2 

83.3 

51.6 

34.2 

- 

28.5 

43,7 

50 

99.0 

86.9 

97.3 

52.6 

42.9 

97.0 

84.8 

95.0 

- 

74.5 

63.4 

67.1 

- 

46.4 

76.8 

60 

98.5 

85.4 

97.5 

48.7 

- 

97.2 

85.8 

94.8 

84.3 

62.4 

93,4 

87.9 

- 

69.1 

66.9 

70 

97.7 

84.2 

97.3 

- 

- 

92.2 

77.8 

95.1 

82.7 

50.4 

94.6 

88.1 

- 

78.4 

70.4 

75 

96.8 

— 

97.8 

- 

- 

90.1 

i  ” 

94.7 

80.6 

- 

95.3 

84.7 

- 

73.8 

70.9 

Observations  on  the  course  of  the  syntheses  showed  that  in  the  first  instants  after  switching  on  the  current  a 
precipitate  of  copper  is  formed  on  cathodes  of  copper  and  graphite.  This  was  particularly  noticeable  on  graphite. 
The  source  of  the  copper  which  settled  out  on  the  copper  and  graphite  cathodes  was  the  Cu'*"*’  ions  introduced  into 
the  catholyte  in  the  form  of  the  chlorous  salt.  With  the  use  as  cathode  material  of  tin  a  considerable  portion  of  the 
nitrobenzoic  acids  was  reduced  chemically,  apparently,  due  to  the  reaction  Sn"*^  —*•  Sn’’”*’''”'’. 

It  was  indicated  in  one  of  the  works  that  the  yields  of  p -aminobenzoic  acid  <mi  cathodes  of  tin  and  lead 
reached  98^^  tmly  in  the  presence  of  3-5  g  of  SnClj  •  2H|0  per  5  g  p-nitrobenzoic  acid  [12].  We  showed  that  it  is 
in  general  possible  to  avoid  the  use  of  stannous  chloride  but  at  the  same  time  is  necessary  to  increase  the  intensity 
of  stirring  the  suspension  of  p-nitrobenzoic  acid  by  3-4  times. 

Apparently  in  the  work  of  the  above  mentioned  authors  the  intensity  of  stirring  was  insufficient  for  regular 
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intake  of  p-nitrobenzoic  acid  at  the  cathode  and  its  electrochemical  reduction.  The  role  of  the  introduced  addition 
of  SnClj  •  2HjO  probably  consisted  in  the  chemical  reduction  of  that  portion  of  the  p-nitrobenzoic  acid  which, due  to 
the  Insufficient  effectiveness  of  the  stirring, did  not  succeed  in  reaching  the  cathode.  It  is  noteworthy  that  in  all  cases 
in  which  the  cathode  is  formed  of  light  sponge  with  a  developed  surface,  the  yields  of  aminobenzoic  acids  are  in¬ 
creased,  and,  on  the  contrary,  the  formation  of  a  dark  precipitate  on  the  surface  of  copper  or  graphite  cathodes  facili¬ 
tates  a  marked  reduction  in  the  yields.  The  behavior  of  the  lead  cathode  is  very  interesting.  The  study  of  the  results 
of  the  synthesis  on  a  lead  cathode  shows  a  considerable  dependence  of  the  yields  of  aminobenzoic  acids  on  the  tempera¬ 
ture.  This  is  probably  associated  with  increased  solubility  of  lead  in  hydrochloric  acid  with  increased  temperature. 
Since  the  unique  source  of  the  lead  ion^  by  the  discharge  of  which  the  formation  of  sponge  on  the  cathode  proceeds. is 
the  material  of  the  cathode,  it  is  understandable  that  at  higher  temperatures  the  sponge  will  have  a  maximal  surface. 
The  increase  in  the  effectiveness  of  the  reduction  in  this  case  cannot  be  ascribed  to  anything  •  other  than  the  spongy 
structure  of  the  surface  of  the  cathode.  The  participation  of  the  Pb'''+  ions  in  the  reduction  reaction  is  excluded, 
since  divalent  lead  does  not  have  reducing  properties.  Attempts  to  reduce  p-nitrobenzoic  acid  at  a  cathode  of  amalga¬ 
mated  zinc  did  not  give  positive  results.  This  is  explained  by  the  fact  that  p-nitrobenzoic  acid  is  poorly  suspended  in 
hydrochloric  acid, while  since  upon  dissociation  of  the  amalgam  there  proceeds  strong  evolution  of  hydrogen,  a  foam  is 
formed  which  is  discharged  from  the  electrolyzer  and  carries  away  particles  of  p-nitrobenzoic  acid.  The  great  losses 
of  p-nitrobenzoic  acid  under  these  conditions  distort  the  results  and  compelled  us  to  withhold  this  isomer  from  reduct¬ 
ion  at  a  cathode  of  amalgamated  zinc. 

2.  Study  of  the  Influence  of  Additives.  Additions  of  the  salts  of  metals  which  facilitate  the  increased  effect¬ 
iveness  of  the  electroreduction  of  organic  substances,  can  be  separated  into  2  groups. 

No  particular  doubts  arise  relative  to  the  mechanism  of  action  of  polyvalent  ions  of  the  metals.  Ions  of  the 
Ti"^'*"*',  Fe Cr^'*',  v'*"'”’"*’  type  and  others,  introduced  into  the  catholyte  in  the  form  of  salts  in  which  they  have  a  lower 
valence,  chemically  reduce  the  organic  substances  and  are  thereby  converted  into  the  higher  valence.  At  the  cathode 
reduction  of  the  ions  of  higher  valence  into  ions  of  lower  valence  proceeds,  which  latter  react  anew  with  the  organic 
substance  etc.  Such  ions  are  sometimes  called  "hydrogen  carriers"  [13]. 

The  salts  of  metals  which  belong  to  the  other  group  (salts  of  zinc,  mercury,  lead  and  others)  have  another  mech 
anism  of  action  which  consisted  in  precipitation  at  the  cathode  and  increasing  the  hydrogen  overvoltage,  since  it  is 
well  known  that  on  zinc,  mercury  and  lead  the  hydrogen  overvoltage  is  great.  The  addition  to  the  catholyte  of  salts  of 
zinc,  mercury,  lead,  can,  for  example,  permit  the  reduction  of  nitrobenzene  into  aniline  with  excellent  yields  even  at 
cathodes  with  low  overvoltages  where,  in  the  absence  of  catalytic  additives,  the  evolution  of  hydrogen  [14]  will  chief¬ 
ly  proceed. 


However,  the  question  of  the  mechanism  of  action  of  these  catalytic  additives  has  still  not  been  entirely  clari¬ 
fied.  For  example,  it  is  well  known  that  upon  the  introduction  into  the  catholyte  of  copper  salts  or  powdered  copper 
a  marked  increase  in  the  effectiveness  of  the  reduction  of  aromatic  nitrocompounds  occurs.  This  is  explained  by  the 
fact  that  copper  and  also  zinc  or  tin  can  be  precipitated  on  the  cathode  and  chemically  reduce  the  nitrocompound  to 
amine.  Since  in  the  reduction  of  aromatic  nitrocompounds  the  most  difficult  stage  which  determines  the  rate  of  the 
entire  process  as  a  whole,  is  the  conversion  of  phenylhydroxylamine  into  the  corresponding  amine,  it  is  assumed  that 
zinc,  tin  or  copper,  precipitated  at  the  cathode,  specifically  reduce  phenylhydroxylamine,  thereby  increasing  the  rate 
of  the  process  as  a  whole.  The  absence  of  complete  clarity  in  the  question  of  the  influence  of  added  salt  on  the  pro¬ 
cess  of  electroreduction  impelled  us  to  study  this  question  in  the  case  of  the  nitrobenzoic  acids.  Particular  attention 
was  paid  to  the  establishing  of  a  relation  between  the  yields  of  aminobenzoic  acids  by  substance  and  the  character  of 
the  deposits  of  metallic  copper  on  the  cathode.  The  cathodes  were  prepared  from  copper  and  graphite.  The  results 
of  the  experiments  are  presented  in  Table  2. 

TABLE  2 


Influence  of  Additions  of  Cuprous  Chloride  on  the  Yields  of  Aminobenzoic  Acids  by  Substance  on  Copper  and  Graphite 
Cathodes 


Concentration  of  ] 

CuClj  •  2H20(in  g)j 

1 

Yield  of  acids  (in  '’h) 

o -Aminobenzoic  j 

m -Aminobenzoic  | 

1  p- Aminobenzoic 

'  Cu  (30") 

C  (40") 

Cu  (60*) 

C  (40*) 

Cu  (70*) 

C  (60*) 

0 

65.3 

42.6 

63.5 

69.9  1 

56.3 

67.2 

1 

73.2 

72.8 

84.3 

83.3 

78.4 

76.1 

3 

85.9 

73.9 

78.0 

79.4 

80.5 

81.5 

5 

83.2  ! 

78,3 

79.7 

79.1 

80.3 

79.8 

7 

- 

77.6 

78.5 

78.7  j 

1  78.2 

84.7 
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As  has  already  been  Indicated,  the  introduction  of  additions  of  CuCl^  •  2H2O  lowers  the  5deld  by  current,  since 
it  increases  the  quantity  of  electricity  consumed  for  the  evolution  of  copper  from  the  solution;  consequently  the  intro¬ 
duction  of  additions  of  CuClj  .  2H|0  is  expedient  only  in  those  cases  when  the  effect  in  increasing  the  yields  by  sub¬ 
stance  justifies  the  additional  consumption  of  electric  energy.  It  is  evident  from  Table  2  that  in  the  majority  of  cases 
there  exists  some  limit  on  the  quantity  of  cuprous  chloride  introduced  into  the  catholyte,  above  which  no  further  in¬ 
crease  in  the  yields  of  aminobenzoic  acids  by  substance  occurs.  This  is  apparently  explained  by  the  fact  that  the  dura¬ 
tion  of  the  electrolysis  increases  due  to  the  time  which  is  necessary  to  precipitate  the  copper  from  the  solution.  The 
increase  in  the  duration  of  the  electrolysis  is  associated  with  the  emergence  of  undesirable  side  processes,  in  which  in¬ 
termediate  and  final  products  of  the  reduction  of  nitrobenzoic  acids  participate  and  which  is  associated  with  the  ob¬ 
served  reduction  in  the  yields  by  substance  on  increase  in  the  quantity  of  CUCI2  •  2HjO  introduced  into  the  catholyte. 

3,  Study  of  the  Influence  of  the  Concentration  of  Hydrochloric  Acid.  The  data  which  characterize  the  yields 
of  aminobenzoic  acids  at  various  concentrations  of  hydrochloric  acid,  are  presented  in  Table  3. 

In  the  majority  of  cases  the  change  in  the  concentration  of  HCl  is  not  appreciably  reflected  in  the  yields  of 
aminobenzoic  acids.  Only  o-nitrobenzoic  acid  appears  to  be  an  excepticm;  during  its  reduction  on  a  graphite  cathode 
a  fall  in  the  yields  of  o-aminobenzoic  acids  with  increase  of  HCl  concentration  is  observed;  at  the  same  time  a  con¬ 
siderable  quantity  of  side  products  appears  in  the  catholyte.  Evidently,  this  is  5-hydroxyanthranilic  acid  [15]. 

4.  Study  of  the  Influence  of  Cunent  Density  at  the  Cathode.  The  current  density,  as  is  well  known,  is  an  impor¬ 
tant  factor  on  which  very  often  depends  the  direction  of  the  electroreduction  process,  and  consequently,  the  nature  of 
the  end  product. 

The  data  of  the  influence  of  current  density  on  the  yields  of  aminobenzoic  acids  are  presented  in  Table  4. 

As  is  evident  from  the  data  of  Table  4,  the  yields  of  aminobenzoic  acids  only  slightly  depend  on  the  current 
density  when  tin  and  amalgamated  zinc  are  used  as  the  cathodes.  This  indicates  the  great  rate  of  reduction  of  nitro¬ 
benzoic  acids  at  a  tin  cathode,  apparently  due  to  the  reacticm  Sn"*"*"  — ►  Sn’*’''’''"'’,  i.e.,  due  to  chemical  reduction. 


TABLE  3 

Yields  of  Aminobenzoic  Acids  by  Substance  at  Various  Concentrations  of  HCl  on  Various  Cathodes 


Concen- 

1  0 -Aminobenzoic  Acid 

m -Aminobenzoic  Acid 

p -Aminobenzoic  Acid 

tration  of 

Sn 

Pb 

Zn  -K  Hg 

Cu 

C 

Sn 

Pb 

Cu 

C 

Sn 

Pb 

Cu 

C 

HCl  (N) 

mm 

fKaii 

(60  “) 

(60n 

(60“) 

(40  “) 

(70*) 

(70“) 

(60") 

(70") 

0.58 

98.3 

76.1 

92.5 

87.4 

87.5 

95,7 

83.9 

91.4 

65,6 

81.9 

94.0 

81.4 

74.6 

82,0 

1.16 

98.8 

79.2 

94,4 

82.3 

96.5 

84.9 

92.3 

63,2 

81.8 

94.1 

86.1 

76.3 

82.8 

1.74 

97.7 

86.5 

97.9 

89.9 

78.6 

96.1 

85.1 

69.2 

82,3 

94.1 

84.5 

78.6 

83,0 

2.32 

Rafil 

88.2 

97.4 

85.9 

78.3 

97.2 

85.8 

84.3 

83.3 

94.6 

87.9 

80.5 

84.7 

2.9 

97.9 

85.2 

97.7 

86.6 

71.3 

85.3 

96.1 

82.7 

94.7 

87.5 

82.4 

85.4 

3.48 

96.1 

84.1 

98.0 

85.8 

70.0 

97.1 

82.4 

94.3 

91.4 

82.4 

94.9 

90.7 

81.4 

85.3 

4.06 

95.4 

82.8 

96.7 

85.7 

- 

95.2 

82.2 

95.4 

94.4 

82.7 

95.3 

93.7 

82.4 

80.3 

TABLE  4 

Yields  of  Aminobenzoic  Acids  by  Substance  at  Various  Current  Densities  on  Various  Cathodes* 

Cunent  I _  Yield  of  acids  (in  _ _ 

density  j _ o -Aminobenzoic  |  m -Aminobenzoic _ [ _ p  -  Aminobenzoic 


at  the  I  _ _ _ Content  of  HCl  (N) 


cathode 

2.32 

[2^ 

2.32 

0 

cn 

00 

2.32 

4.06 

QS3I 

|2-32 

4.06 

2.9 

3.48 

A/  dn^ 

Sn 

Zn  +  Hg 

c 

Sn 

Pb 

Zn  +  Hg 

Cu 

Sn 

Pb 

Cu 

C 

2 

95.4 

95.9 

72.5 

58.1 

90.6 

70.6 

93.2 

94.3 

66.2 

93.4 

- 

4 

96.8 

87.4 

98.6 

75.8 

94.2 

72.3 

93.9 

94.3 

72.9 

94.8 

87.1 

72.6 

81.1 

6 

98.5 

86.3 

98.1 

91.2 

84.8 

95.3 

74.2 

93.6 

97.7 

81.5 

94,2 

93,4 

73.6 

87.2 

8 

99.0 

88.2 

97.3 

87.5 

97.2 

85.8 

94.4 

83.3 

94.6 

93.7 

82.4 

85,3 

98.3 

84.1 

97.2 

86.3 

86.6 

95,6 

83.1 

95.4 

93.5 

83.3 

94.7 

94.3 

81.6 

81.9 

12 

95.5 

83.4 

97.5 

87.6 

82.4 

95.4 

93.9 

81.8 

95.0 

82.2 

82.1 

14 

92.3 

79.8 

97.3 

72.9 

92.0 

00 

81.9 

93.9 

00 

-J 

Vo 

79.2 

96,0 

93.2 

80.3 

— 

*  The  experiments  were  canied  out  at  the  same  temperatures  as  in  Table  3, 


As  regards  a  cathode  of  amalgamated  zinc,  reduction  on  it  probably  proceeds  not  as  a  result  of  the  passage  of  a 


polarizing  current,  but  basically  due  to  decomposition  of  the  amalgam.  Electrons,  freed  by  the  decomposition  of  the 
zinc  amalgam,  enter  into  the  reduction  of  the  organic  substance.  A  portion  of  the  electrons  is  consumed  by  the  evo¬ 
lution  of  hydrogen,  which  was  also  observed  by  us  at  the  time  of  synthesis.  Very  interesting  results  were  obtained  at 
the  lead  cathode.  In  an  already  mentioned  work  [12]  the  authors  reduced  p-nitrobenzoic  acid  at  a  lead  cathode  and 
obtained  a  maximal  yield  at  a  current  density  of  6A  per  square  decimeter  in  the  presence  of  5  g  of  SnClj  •  2H|0. 

Increasing  the  number  of  rotations  of  the  stirrer  by  approximately  3  times,  we  obtained  such  yields  as  in  the 
mentioned  work,  but  at  a  current  density  of  12A  per  square  decimeter  and  in  the  absence  of  any  additive.  In  the  maj¬ 
ority  of  cases  diminishing  the  current  density  to  2  A  per  square  decimeter  caused  a  drop  in  the  yield  of  amlnobenzoic 
acids  due  to  increase  in  the  electrolysis  time  and  consequently,  creation  of  favorable  conditions  for  the  development 
of  side  processes.  An  interesting  fact  which  confirms  the  existence  of  a  profound  relaticxi  between  the  state  of  the 
cathode  surface  and  the  electroreduction  process  was  noted  during  the  reduction  of  p-nitrobenzoic  acid  at  a  copper 
cathode.  At  current  densities  of  4-6  A  per  square  decimeter  in  the  presence  of  3  g  of  CUCI2  •  2H|0  a  dark  precipit¬ 
ate  is  formed  on  the  copper  cathode  which  is  accompanied  by  lowering  of  the  yield  of  p-aminobenzolc  acid.  By  re¬ 
ducing  the  current  density  to  2  A  per  square  decimeter  in  place  of  the  expected  further  lowering  of  the  yield  an  in¬ 
crease  in  it  was  observed,  in  spite  of  the  fact  that  the  electrolysis  time  was  increased  in  comparison  with  the  preced¬ 
ing  experiment  (at  4A  per  square  decimeter)  by  2  times.  The  increased  yield  of  p-aminobenzoic  acid  at  2A  per  square 
decimeter,  apparently,  is  facilitated  by  the  dense,  bright  covering  of  copper,  which  is  formed  on  the  cathode.  The 
"black"  which  is  formed  at  the  surface  of  the  copper  cathode  at  4-6  A  per  square  decimeter,  probably  lowers  its  acti¬ 
vity  to  some  extent. 


DISCUSSION  OF  RESULTS 

The  results  of  the  study  of  the  process  of  electroreduction  of  nitrobenzoic  acids  under  various  conditions  makes 
it  possible  to  establish  the  existence  of  a  relationship  between  the  yields  of  amlnobenzoic  acids  and  the  state  of  the 
cathode  surface.  On  cathodes  of  graphite  and  copper  in  the  absence  of  additions  of  CuC]('2HsO  we  did  not  succeed 
in  obtaining  good  yields  of  amlnobenzoic  acids.  The  most  probable  cause  of  this  is  the  insufficiently  high  hydrogen 
over-voltage  on  copper  and  graphite.  Copper  ions,  introduced  into  the  catholyte,  are  destroyed  at  the  cathode  with 
the  formation  of  a  metallic  precipitate.  The  effectiveness  of  the  reduction  depends  cm  the  form  of  the  precipitate. 

The  highest  yields  of  amlnobenzoic  acids  were  achieved  when  a  bright  sponge  having  a  developed  surface,  is  formed 
on  the  cathode.  The  sponge  on  the  surface  of  the  cathode  unmistakably  shows  catalytic  action  on  the  process  of 
electroreduction.  The  mechanism  of  action  of  the  sponge  can,  in  our  opinion,  be  represented  in  the  following  manner: 

1.  The  finely  dispersed  sponge  can  chemically  reduce  the  nitrobenzoic  acids  to  amlnobenzoic  acids.  Lukashevich 
showed  that  copper  in  a  finely  disperse  state  is  capable  of  reducing  nitrobenzene  to  aniline  [16]. 

However  the  role  of  sponge  in  the  electrochemical  synthesis  of  organic  compounds  is  not  exhausted  by  partici¬ 
pation  in  the  process  only  as  a  chemical  reductant,  Lukashevich  in  the  same  work  reported  that  finely  disperse  lead 
does  not  have  high  reducing  properties  and  is  capable  of  reducing  nitrobenzene  only  to  phenylhydroxylamine.  The 
rate  of  the  reduction  of  the  latter  to  aniline  is  very  small.  The  property  of  finely  disperse  lead,  established  by 
Lukashevich,  clearly  does  not  correspond  with  the  results  obtained  by  us  in  the  electroreduction  of  nitrobenzoic  acids 
on  a  spongy  lead  cathode.  In  those  cases  when  a  lead  sponge  appears  on  the  cathode,  the  effectiveness  of  the  reduc¬ 
tion  is  increased  and  to  a  greater  extent,  the  greater  the  volume  of  the  sponge  formed.  Taking  into  account  the  fact 
that  the  hydrogen  overvoltage  on  the  sponge  is  less  than  on  a  smooth  cathode,  its  role  in  the  processes  of  electro¬ 
chemical  reduction  of  organic  substances  may  be  determined  otherwise  than  in  the  first  case. 

2.  In  organic  syntheses  copper  in  the  finely  disperse  state  is  widely  used  as  a  catalyst  [17],  The  role  of  the 
catalyst  consists  in  lowering  the  activation  energy  of  the  reaction  due  to  adsorption  of  molecules  of  the  organic  sub¬ 
stance  on  the  surface  of  this  catalyst.  The  greater  the  surface  of  the  catalyst,  the  higher  its  capacity  for  adsorption  . 
During  the  adsorption  there  takes  place  deformation  of  the  molecules  of  the  organic  substance  which  proceeds  under 
the  action  of  the  forde  field  of  the  catalyst  surface.  The  deformation  leads  to  dismption  of  the  bonds  in  the  molecule 
and  to  increase  in  its  reactivity  [18].  It  was  established  that  copper  and  lead  catalyze  the  reacticm  of  chemical  re¬ 
duction  of  nitrobenzene  into  aniline  in  which  the  reducing  agent  is  hydrogen.  The  use  of  finely  disperse  lead  makes 

it  possible  to  obtain  aniline  in  a  yield  equal  to  97^  [19]. 

The  spongy  surface  of  the  cathode  resf>onds  as  well  as  possible  to  the  demands  presented  to  the  active  catalysts. 

On  a  spongy  cathode  surface  adsorption  of  molecules  of  nitrobenzoic  acids  proceeds  and  leads  to  their  defamation 
which  is  manifested  in  Increase  in  the  dipole  moment  constant.  In  a  comparison  of  the  dipole  moments  of  many  or¬ 
ganic  substances  with  the  reduction  potentials  of  these  substances  Vcitkevich  detected  that  with  increase  in  the  dipole 
moment  the  reduction  potential  becomes  more  positive,  i.e.,  the  depolarizing  action  of  the  substance  is  increased  [20]. 
Thus,  increase  in  the  dipole  moment  which  procee<ds  as  a  result  of  the  adsorption  of  nitrobenzoic  acid  molecules  app¬ 
arently  appears  to  be  one  of  the  basic  causes  of  the  increase  in  the  effectiveness  of  reduction  on  a  spongy  cathode. 
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On  the  basis  of  the  experiments  carried  out  certain  conclusiois  concerning  the  mechanism  of  the  electro- 
reductitxi  process  can  be  drawn.  The  concept  of  taking  into  account  the  nature  of  the  csthode  material  in  the  pro¬ 
cesses  of  electroreduction  of  organic  substances  obtained  its  greatest  development  in  the  works  of  Antropov  [21], 

By  a  comparison  of  the  null  potential  charge  of  several  metals  with  the  reduction  potentials  of  a  number  of  organic 
substances  on  cathodes  of  these  metals,  Antropov  established  that  the  orgaiuc  depolarizer  is  well  reduced  only  if 
the  reduction  potential  is  not  markedly  different  from  the  null  potential  jcharge  (for  example  for  Zn,  Hg,  Pb). 
Antropov  explained  this  situation  by  the  fact  that  the  molecules  of  the  organic  substance  are  adsorbed  on  the  cathode 
only  in  the  region  directly  adjacent  to  the  potential  of  the  null  charge.  If  the  reduction  potential  is  far  removed 
from  the  potential  of  the  null  charge  (Pt,  Ag,  the  reduction  proceeds  poorly  and  is  accompanied  by  the  evolution 
of  hydrogen.  We  have  already  reported  concerning  the  measurement  of  the  reduction  potential  of  nitrobenzoic  acids 
on  various  cathodes  [22].  It  was  established  that  on  cathodes  of  lead,  tin  and  mercury  the  reduction  potentials  of 
nitrobenzoic  acids  differ  little  from  the  null  potentials  of  the  charge  of  these  metals.  On  smooth  cathodes  of  copper 
and  graphite  the  difference  between  the  reduction  potentials  and  the  null  potentials  of  the  charge  reaches  consider¬ 
able  magnitudes.  The  high  effectiveness  of  the  reduction  on  cathodes  of  graphite  and  copper  covered  with  copper 
sponge,  is  apparently  explained  by  the  fact  that  as  ai^result  of  adsorption  an  increase  in  the  dipole  moments  of  the 
molecules  of  nitrobenzoic  acids  occurs  which  leads  to  lowering  of  the  activation  energy  of  the  process  and  which  is 
manifested  in  diminishing  of  the  reduction  (potentials  and  their  approximation  to  the  null  potentials  of  the  charge 
of  the  metals.  The  reduction  of  nitrobenzoic  acids  is,  apparently,  a  primary  electrode  act  which  consists  in  the 
transfer  of  electrons  from  the  cathode  directly  to  the  electropositive  center  of  the  nitrogroup  with  subsequent  part¬ 
icipation  of  hydrogen  ions  in  the  formation  of  the  amino  group. 

SUMMARY 

1.  The  electroreducti(Mi  process  of  nitrobenzoic  acids  to  aminobenzoic  acids  cm  cathodes  of  tin,  lead,  copper, 
graphite  and  amalgamated  zinc  was  studied. 

2.  It  was  established  that  the  state  of  the  cathode  surface  plays  a  substantial  role  in  the  electroreduction  (of 
nitrobenzoic  acids.  The  maximal  yields  of  aminobenzoic  acids  were  obtained  when  a  lead  or  copper  sponge  was 
formed  on  cathodes  of  copper,  lead  or  graphite.  It  can  be  assumed  that  the  electroreducticMi  of  nitrobenzoic  acids 
on  these  cathodes  is  of  a  catalytic  nature. 

3.  Several  assumptions  ccHicerning  the  mechanism  of  the  process  of  electroreduction  of  aromatic  nitrocom¬ 
pounds  were  made.  The  electroreduction  process  of  compounds  of  this  class  is,  apparently,  a  primary  electrode  act. 
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ON  THE  COMPOSITION  AND  PROPERTIES  OF  THE  COMPLEX  ELECTROLYTE  OF  THE 

COPPER-PYROPHOSPHATE  BATH 

E.  A,  Ukshe  and  A,  I.  Levin 

The  solution  of  the  problem  of  the  mechanism  of  electrode  processes  during  the  electroprecipitation  of  metals 
from  solutions  of  their  complex  salts  can  not  be  accomplished  without  detailed  study  of  the  composition  and  proper¬ 
ties  of  the  complex  ions  which  are  found  in  the  electrolyte.  This  situation  is  of  a  general  character  and.  consequently 
in  studying  the  possibility  of  the  galvanic  precipitation  of  copper  from  pyrophosphate  bath  we  encountered  the  nec¬ 
essity  of  specially  considering  the  question  of  its  composition. 

It  is  necessary  to  note  that  in  the  last  few  years  a  number  of  investigations  of  the  composition  and  stability 
of  complex  ions  of  copper  pyrophosphate  have  appeared.  The  analysis  of  the  available  data  permits  the  following 
conclusions  to  be  made. 

Depending  on  the  pH  and  concentration  of  the  components,  when  solutions  of  copper  sulfate  and  sodium  pyro¬ 
phosphate  were  mixed  the  following  ions  were  detected:  [Cu(P207)]"*;  [Cu(P20j)j]"*;  [Cu(HP207XP*02l]'*;  [Cu(HP2(D7)2]  * 
[Cu(P207XOH)]**,  The  first  two  complexes  appeared  as  a  result  of  the  general  complex  formation  reaction  and  natu¬ 
rally  participate  in  solvation  equilibria  of  the  type  [1]: 

[Cu(P207)2]-*  +  xH20^  pu(H20)y]‘^ +2[P20t(H20)2]"‘ 

[CuJ(P207)]-*  +  xHjO  [C\i(H20)y]^  +  [PjOKHiO)^]-'*  . 

The  instability  ccmstant  of  the  [Cu(P207)2]'*  ion  has  been  determined  by  many  investigators!  Stabrovsky  [2] 
cited  the  value  =  3,1*  10'^®,  Rogers  and  Reynolds  [3]  =  2!l0‘^^  and,  finally  Waters  and  Aaron  [4] 

=  2*  10'®,  There  are  many  contradictory  data  for  the  instability  constants  of  the  [Cu(P207)]"*  ion. 

As  is  well  known  from  the  literature  data,  both  complexes  under  consideration  can  exist  in  the  pH  range  app¬ 
roximately  from  7  to  10  [4],  In  addition,  there  is  an  indication  [4]  of  the  existence  of  the  complexes  [CU2P2O7/ 
and  [Cu4(P207)]''’*,  but  these  ions,  apparently,  are  only  formed  in  very  dilute  solutions. 

In  a  number  of  cases  the  solvation  equilibria  in  copper -pyrophosphate  solutions  can  be  complicated  by  side 
reactions  of  the  acid -base  type. 

Thus,  at  pH  >  10  the  following  equilibrium  takes  place-, 

[Cu(P207)]"*  H2O  [Cu(P2OjX0H)]’®  -f-  H+. 

Similiar  complex  cuprate -pyrophosphate  anion  was  detected  by  a  number  of  authors  [5,6]  and  its  instability 
ccHistant  was  equal, according  to  their  data.to  6-10"^®  or  2-10"^*. 

At  pH  >  11  the  copper  -pyrophosphate  complex  is  destroyed  and  a  precipitate  of  cupric  oxide  hydrate  settles 

out. 

In  acidic  solutions  equilibria  are  possible  which  lead  to  the  formation  of  complex  copper -pyrophosphate  ions 
containing  the  (HP2O2)**  group.  At  pH  5.3-7.0  the  formation  of  the  ion  [Cu(HP207XPz07)]'*  with  an  instability  -con¬ 
stant  of  10”^®[6]  was  noted, while  at  pH  <  5.3  the  ion  [Cu(HP207)2]'^  with  an  instability  constant  close  toC-lO"*  [6] 
was  noted.  The  study  of  the  latter  complexes  was  complicated  in  coimection  with  the  fact  that  in  acid  solutions  a 
precipitate  of  the  hypothetical  composition  Na2Cu3(P207)|  settled  out  [6], 

As  is  evident  from  the  information  set  forth  on  the  stability  of  copper  pyrophosphate  complexes,  there  is  one 
very  substantial  hiatus  in  them-^this  is  the  sharp  discrepancy  of  the  available  data  on  the  instability  constant  of 
the  [Cu(P207)r*  complex.  At  the  same  time,  the  precise  knowledge  of  this  quantity  is  aiecessary  to  elucidate  the 
concrete  picture  of  the  composition  of  the  copper-pyrophosphate  solutions  of  varying  concentration.  Its  knowledge 
is  also  important  for  the  solution  of  the  question  of  the  mechanism  of  electrode  reactions  in  a  copper -pyrophosphate 
bath. 

To  fill  this  gap  we  calculated  the  instability  constants  of  the  complex  iais  [Cu(P207)j]'*  and  [Cu(P20y)]'*  on 
the  basis  of  analysis  of  the  data  on  the  measurement  of  the  potentials  of  a  copper  electrode  in  the  corresptHiding 
solutions. 
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The  potentials  were  measured  by  the  usual  compensation  method  with  the  methodology  not  differing  from 
that  generally  adopted  [7]. 

The  results  of  the  indicated  measiuements  are  set  forth  in  Table  1. 

In  the  calculations  of  the  instability  ccHistant  we  start  from  the  equations: 


■  [  Cu(P,0,)-*] 


and  K|  = 


[CufPjOrV- 


When  the  excess  of  PjOy"*  ions  is  so  great  that  one  can  assume  the  formation  almost  exclusively  of  £Cu^P20r)2  ] 
ions,  the  concentration  of  these  ions  is  practically  equal  to  the  initial  concentration  of  copper  (C®qj),  'While  [P207' 

is  respectively  equal  to  the  initial  concentration  of  pyrophosphate  after  deducting  2C®  .  Thus  [Cu"^]  =  — 

Cu  -20-^0 


and  therefore 


E-^u  =  log 


=  0.03  Beg  Kj+  log  Cj^u  ^^PxOt  (1) 


Evidently,  when  the  initial  concentration  of  pyrophosphate  is  close  to  the  initial  concentration  of  copper,  the 
formation  of  the  complex  [CufPjOf^]  *  is  difficult  to  expect  and  then 

E-E®cu  =0.03  [log  Ki  + log  (?cu  -^og  (2; 

It  should  be  noted  that  the  available  literature  data  fc«  are  either  such  that  Kj4s  approximately  equal  t,o 
or  they  correspond  to  the  inequality  lCt«  K^.  In  the  first  xase  the  conditirais  for  fulftlling  equation  (1)  are  in 
general  difficultly  attainable.  On  the  other  hand,  the  conditions  for  fulfilling  equatirai  (2)  can  be  obtained  com¬ 
paratively  readily.  They  correspond  to  the  first  5  systems  set  forth  in  Table  1. 

TABLE  1 

Potentials  of  a  Copper  Electrode  in  the  System  CUSO4— Na4Pj07— 1^0  and  the  Instability  Constants  of  the  Copper- 
Pyrophosphate  Complexes  at  25  *C 


System  no. 

Concentration  (in  moles) 

Assumed  predominant 

E  (in  volts) 

^°g  l^nst. 

CUSO4 

Na4P,OT 

ioi  form 

1 

0.0050 

0.0050 

■tO.198 

-7.4 

2 

0.0100 

0.0100 

I 

+0.219 

-6.3 

3 

0.0200 

0.0200 

[CufPjOj)]-*  \ 

+0.222 

-6.3 

4 

0.0200 

0 .0300 

+0.172 

-6.0 

5 

0.0300 

0 .0500 

i 

+0.162 

-6.2 

6 

0.0050 

0.0300 

+0.035 

-9.8 

7 

0.0200 

0.1000 

+0.011 

-10.6 

8 

0.040 

0.100 

[CufPjOr),]-*  < 

+0.052 

-10.2 

9 

0.040 

0.200 

-0.010 

-10.5 

10 

0.20 

0.500 

1 

+0.004 

-11.5 

The  data  of  Waters  and  Aaron  prove  to  correspond  m(»e  with  the  actual  conditions  and  therefeve  equation(l) 
can  also  be  used  in  the  determined  limits. 

Thus  the  obtained  value  for  Kjis  0.63  •  10  '*  and  for  Kj  is  0.5  •  10 "*'®.  The  values  found  for  K*  are  found  in 
agreement  with  the  data  of  other  authors  [2,3]  and  the  ratio  of  the  constants  satisfies  the  Babko -Khodakov  condition  [9]: 

log  K^-log  iq  -  Pi -Pi 

log  iq  -Pi  (3) 

where  P^  and  P^  are  the  energetic  characteristics  of  the  complexes,  equal  to  -8  and  -14  respectively  [10]. 

Actually,  if  iq  is  approximately  equal  to  10  then  according  to  equation  (3) 

log  Kj  =  (-6)  =  -1.75*6  =  -10.50. 

O 

On  the  basis  of  the  obtained  values  of  the  instability  constants  a  graph  of  the  dependence  of  the  contents  of 
various  complex  forms  in  solution  on  the  concentration  of  free  pyrophosidiate  can  be  constructed. 

The  calculation  was  carried  out  according  to  the  equations: 


%  «f  ih«  CotnpltX  fotrhKS 


1  ^  _ i _  ^  ,  Vi^T _ 1. 

Ki  K. 

[Cll(P,Oy) •*]  =  [Cu^]  -  ;  [Cu(Pj07)i-‘]= 

Kj  Kj 

The  results  of  the  calculation  are  presented  in  Fig.  1;  it  follows  from  Its  data  that  the  concentr:ation  of  the 
[Cu(PjOy)]"*  anion  is  maximal  only  in  a  narrow  interval  of  values  for  the  concentration  of  [PjOy'*],  and  this  form 
in  the  best  case  contains  only  SO'lt  in  all  of  eopper  and  generally  can  not  predominate;  it  is  therefore  clear  that 
the  calculated  value  of  the  instability  constant  K|  is  somewhat  low,  but  this  has  no  further  theoretical  significance 
and  it  can  be  confirmed  that  the  ratio  log  Kj  :  log  Kj^  is  close  to  2  in  each  case. 

Such  a  conclusion  is  in  complete  agreement  with  the  data  of  Waters  and  Aaron  [4].  Its  verification  can  be 

accomplished  by  means  of  the  determination  of  the  conductance  of  the  system  CuS04-Na4Pi0y— HjO.  The  measure¬ 
ments  were  carried  out  by  the  usual  method  with  the  aid  of  a  variable  current  bridge. 

The  temperature  was  held  at  20+0.2.*  The  results  of  the  measurements  ate  presented  in  Table  2  and  in  Fig. 

2  and  bear  witness  to  the  existence  of  points  of  inflexion  on  the  curves  k  =  f(C),  corresponding  to  the  con- 
ditiOTi  [Na4P20T]  :  [CuSO^]  =  3  ;  2. 

TABLE  2 


Conductance  of  the  System  CuS04-Na4iyDi7— HjO  at  20* 


Concentration  (in  moles) 

Concentration  (in  moles) 

K,  "ohms'^cm*^ 

CUSO4 

Nfl^P20| 

0.020 

0.020 

0 .0045 

0.020 

0.080 

0.0134 

0.020 

0.025 

0.0058 

0.020 

0.090 

0.0242 

0.020 

0.030 

0.0069 

0.030 

0.060 

0.0094 

0.020 

0.035 

0.0072 

0.040 

0.060 
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Fig.  1 .  Relative  concentrations  of  the  complex 
forms  in  the  system  Cu"**  -P207‘^ 

1)  [CufPjOr)]-*,  2>  {Cu(P,07)|]-*.  3)-  Cu(H,0)^^ 


k 


Fig.  2.  Influence  of  complex  formation  on  the  conductance. 

1)  0.02  m.  CUSO4  +  Na4P20y,  2)  0.04  m.  CUSO4  +  Na4P202 
3)  0.01  m.  CUSO4  +  NajCiQi,  4)  0.02  m.  CUSO4  +  Na^CjllsOy. 

As  can  be  concluded  without  difficulty,  this  point  closely  coincides  with  the  point  a  on  Fig.  1  and  almost  com¬ 
pletely  coincides  with  the  transfer  of  copper  into  the  [CufPjiO^)*]"*  icMi.  The  presence  of  such  an  inflexion  is  readily 
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explained  by  the  data  obtained  for  the  instability  constant  of  the  complex  ions  of  copper  pyrophosphate. 

Thus,  the  results  of  the  investigiation  show  that  under  ordinary  conditiom  the  predominant  ion  in  copper - 
pyrof^osphate  complex  electrolyte  is  the  [Cu(PjO^)^]‘*^ion.  inasmuch  as  the  working  conditions  for  a  pyro¬ 
phosphate  bath  are  characterized  by  the  following  data:  pH  7. 5-9.0,  [Na4PjO|]:  [CUSO4]  ^  2,  this  ion  is  prac¬ 
tically  uniquely  capable  of  participating  in  the  cathode  process  since  the  concentration  of  all  other  forms  of 
the  complex  compounds  is  extraordinarily  small. 

Another  important  conclusion  from  the  data  obtained  consists  in  the  fact  that  with  further  refinements  in 
the  pyrophosphate  bath  a  ratio  of  concentrations  [Na4Pj07]  :  [CUSO4]  ■^2,  should  be  obtained,  since  under  these 
conditions  the  nature  of  the  stimulating  ions  is  scarcely  changed  while  the  lowering  of  the  concentration  of  free 
pyro[Aosphate  presents  a  greater  perspective,  inasmuch  as  in  this  case  the  crystallization  of  the  Na4P207  salt  at 
the  surface  of  the  cathode  becomes  scarcely  probable  [8].  The  ensuring  of  a  sufficiently  satisfactory  solubility 
of  the  anodes  during  the  electrolysis  can  be  achieved  by  addition  to  the  electrolyte  of  sodium  citrate  and  other 
side  substances  which  form  quite  soluble  but  not  very  stable  complexes  with  copper.  A  similar  ratio  of  concen¬ 
trations  of  CUSO4  and  Na4P207  with  simultaneous  introduction  of  substances  which  form  collateral  complexes  in 
practice  was  accomplished  by  us  and  led  to  completely  satisfactory  results. 

SUMMARY 

1.  The  question  of  the  composition  of  complex  ions  in  a  real  pyroj^osphate  electrolyte,  suitable  for  galvanic 
copper  plating  was  considered. 

2.  The  instability  constants  of  complexes  of  copper  pyrophosphate  were  measured  potentiometrically.  The 
values  found  for  were  0.63*  10'*,  and  for  Kj,  0.5*  10'^®. 

3.  The  dependence  of  the  conductance  of  the  system 

CuS04-Na4P207-H20 

<Mi  the  concentration  of  the  components  was  studied.  An  inflexion  point  on  the  conductance  curves,  which  cor¬ 
responded  to  practically  complete  transfer  of  copper  into  the  complex  ion,  was  detected. 
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INVESTIGATION  OF  THE  STRUCTURAL  CHANGES  IN  IRO  N  -  NICKEL  -  ALU  MI  N  UM  ALLOYS 


BY  THE  TRUE  HEAT  CAPACITY  METHOD 
V.  A.  Troshkina  and  K.  G.  Khomyakov 

In  spite  of  numerous  investigations  [1,2]  to  the  present  time  there  has  been  no  consensus  of  opinion  on 
the  origin  in  iron -nickel -aluminum  alloys  of  a  high  coercivity.  Some  [3]  consider  that  the  anomalously  high  co- 
ercivity  (He)  is  caused  by  ordering  processes  of  the  high  temperature  phase  6 '.others  [4,5,6]  by  its  dispersion  de¬ 
composition  into  the  phases  B  and  B\  Tretyi  [7]  assumes-  that  in  the  dispersed  solid  the  austenite  a  -phase  also 
participates.  A  number  of  other  questions,  which  are  undoubtedly  of  practical  importance,  also  remain  unexplained. 
On  the  composition  diagram  of  the  system  Fe  — Nl-  A1  the  boundaries  of  the  concentration  region  of  existence  of 
the  high  coercivity  alloys  are  not  specified,  the  thermodynamic  properties  of  the  phases  of  this  region  are  not  cleat, 
and  the  structural  changes  involved  in  achieving  the  high  coercivity  alloys  are  not  established. 

The  present  work  is  devoted  to  the  study  of  the  stmctural  changes  in  Fe  —  Ni—  A1  alloys  in  the  process  of 
their  magnetic  hardening  (increased  coer'civity),  and  to  the  establishment  of  the  delation  of  these  changes  to  the 
changes  in  magnetic  properties.  The  investigation  was  carried  out  by  the  true  heat  capacity  method. 

As  is  well  known,  the  method  of  true  heat  capacity  is  one  of  the  most  sensitive  methods  of  investigating  the 
changes  in  the  physical  state  of  a  solid  body.  With  its  aid,  a  considerable  variety  of  the  forms  of  conversion  which 
take  place  in  solid  phases  has  been  detected.  In  a  whole  series  of  metallic  systems  the  presence  of  so  called  conver¬ 
sions  of  the  second  type  which  include  the  changes  associated  with  the  processes  of  ordering,  ageing,  appearance  and 
disappearance  of  magnetic  properties,  etc.  was  shown. 

The  method  of  tme  heat  capacity  labo  permits  the  quantitative  evaluation  of  the  conversion  heat  effects  which 
proceed  in  solid  alloys  and  makes  it  possible  to  judge  concerning  the  rates  of  these  conversions. 

To  evaluate  the  magnetic  state,  the  coercivity  (He)  of  the  experimental  sample  was  measured  by  a  ballistic 
method. 


EXPERIMENTAL 


Pnnciples  of  the  Method  of  Determining  the  True*  Heat  Capacity.  The  measurement  of  the  trae  heat  capacity 
was  carried  out  by  a  method,  similar  in  principle  to  the  method  worked  out  by  Moser  [8]  and  Sykes[9]. 


The  essential  part  of  this  method  consists  in  the  fact  that  to  the  sample,  surrounded  on  all  sides  by  an  adiabatic 
envelope,  is  continuously  transmitted  electric  energy  of  known  power.  The  time  intervals  corresponding  to  a  determined 
small  increase  in  the  temp>erature  of  the  sample  are  accurately  read  at  the  same  time. 


The  true  heat  capacity  (C  )  of  the  experimental  sample  is  calculated  from  the  equation; 

jiSlapi^s-  -Kl.i- 

Pc  At  J  m 


where  Q  is  the  heat  transmitted  to  the  calorimeter  (  in  cal./ second  ),  a  is  the  heat  exchange  coefficient  (  in  cal/ 
second  ‘  degree),  i  A6  is  the  average  deviation  from  the  conditions  of  adiabaticity  (  in  degrees);  At  is  the  rise  in 
the  temperature  of  the  calorimeter  (  in  degrees),  Ar  is  the  time  (  in  seconds),  K  is  the  heat  value  of  the  empty 
calorimeter  (  cal./  degree),  and  m  is  the  mass  of  the  sample  ( in  grams). 

Description  of  the  Calorimeter.  The  plan  of  the  calorimeter  used  for  the  measurement  of  the  true  heat  capacity , 
is  set  forth  in  Fig.  1 .  The  calorimetfer  proper,  B,  consists  of  two  cylindrical  barrels  tightly  entering  into  each  other  and 
readily  capable  of  being  withdrawn  internally  and  externally  and  rigidly  fixed  in  the  adiabatic  jacket  A.  Above, 
the  calorimeter  was  covered  with  the  cover  C.  All  the  portions  of  the  calorimeter  (with  the  exclusion  of  the  bottom 
of  the  external  banel  which  was  turned  out  of  silver)  were  made  out  of  heat  resistant  steel*  * . 

The  adiabatic  jacket  A  consisted  of  a  massive  silver  barrel  with  a  cover  consisting  of  two  screw -on  p>ortions. 

In  the  wall  of  the  lower  portion  of  the  banel  were  drilled  vertical  canals  in  which  the  thermometric  leads  leading 

*  By  true  heat  capacity  is  understood  the  average  heat  capacity  measured  in  a  narrow  temp>erature  range. 

•  *  The  composition  of  the  steel  (  in*5fc)  was  Cr  25,  A  5,5;  Ti  0.3;  C  3.04  and  Fe  69.16. 
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from  the  calorimeter  B  passed.  The  heat  necessary  to  heat  the  sample  imder  adiabatic  conditions,  was  supplied 
with  the  aid  of  the  heater  W. 

The  heater  consisted  of  a  double  wound  nichrome  spiral  (resistance  approximately  equal  to  6  ohms)  welded 
to  a  nichrome  stand  (  d  =  1  mm),  which  was  hammered  out  within  the  calorimeter  in  plates.  The  whole  system 
was  heated  on  a  tubuiar  electric  furnace  with  a  double  wound  winding  (not  shown  in  the  figure).  The  measurement 
of  the  temperature  was  accomplished  with  the  aid  of  a  gold -palladium -platinum  thermoelement.  The  thermoelec¬ 
tromotive  force  of  the  thermocouples  and  the  electric  energy  supplied  to  the  heater  were  measured  by  the  compen¬ 
sation  method  (on  a  Disselhorst  compensator),  a  mirror  galvanometer  with  a  sensitivity  of  2.5*  10'*  A  and  a  coil 
resistance  of  6  ohms  served  as  null  instrument. 

Subjects  of  the  Investigation  and  Thermal  Treatment.  Alloys  of  the  following  composition  (in  atom^)  were 
investigated; 

54.8  Fe,  23.3  Ni,  21.9  Al  [alloy  (sample )1] 

55.7  Fe,  21.0  Ni.  23.3  Al  [  alloy  (sample )2] 

35.0  Fe,  25.4  Ni,  39.6  Al  [  alloy  (sample)3]. 

The  first  two  alloys  on  the  composition  diagram  of  the  system  Fe  — Ni—  Al  (  Fig.  2)  [10]  are  distributed  in 
the  twc-phase  6+0’  region.  They  go  over  into  the  monophasic  state  at  a  temperature  of  approximately  970  *  [11]. 

As  is  well  known,  it  is  possible  to  obtain  anomalously  high  coercivity  in  alloys  of  the  0  +  0’  region. 

Alloy  3  is  found  in  the  0  ’  region.  According  to  the  literature  data,  alloys  of  this  region  are  not  capable  of 
magnetic  hardening.  The  tme  heat  capacity  of  the  final  states  was  studied  for  each  alloy:  biphasic,  after  tempering, 
monophasic,  after  quenching.  The  intermediate  states  also  are  of  especial  interest”  the  transition  state  from  bi¬ 
phasic  to  a  monophasic  melt,  -  inasmuch  as  they  ensure  a  maximally  high  coercivity  of  the  alloy  [2]. 

The  tempering  of  the  samples  was  carried  out  in 
a  vacuum  at  800*  for  18  hours  with  subsequent  slow  (  5 
degrees/ hour)  cooling  to  400  *,  The  thermal  treatment 
to  obtain  a  monophasic  melt  was  accomplished  by  cool¬ 
ing  the  sample  at  1300®  in  water.  The  quality  of  the 
quenching  was  controlled  by  measuiing  the  coercivity 


Fig.  1.  Plan  of  the  calorimeter.  Fig.  2.  Composition  diagram  of  the  system  Fe-  Ni-  Al, 

Explanation  in  the  text.  according  to  Bradley  (in  atoms  [10], 

of  the  quenched  sample.  After  quenching,  the  coercivity  of  sample  1  amounted  to  14±1  oersteds  and  of  sample  2, 
50  oersteds.  We  did  not  succeed  in  quenching  samples  with  less  in  magnitude. 

The  intermediate  states  were  fixed,  on  the  one  hand,  by  the  quenching  of  a  biphasic  alloy  at  various  temp¬ 
eratures  (620,  800*)  in  water  and  on  the  other  hand,  by  a  process  of  repeated  adiabatic  heatings  (in  the  tempering 
process)  of  a  sample  quenched  a  minimal  coercivity.  The  heating  was  repeated  until  the  sample  under  investigation 
became  maximally  coercive  (H^  =  250  oersteds). 

All  the  measurements  of  the  true  heat  capacity  were  carried  out  up  to  700®  with  a  precision  of  1-1.5*^. 

Results  of  the  Measurements  of  the  Tme  Heat  Capacity  of  Sample  1.  The  results  of  the  measurements  of  the 
tme  heat  capacity  of  sample  1  are  set  forth  in  Fig.  3.  The  curves  were  drawn  with  the  experimental  paints  obtained 
for  each  2-4*  taken  into  account  (but  the  technical  causes  are  not  shown  in  the  figure). 
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The  heat  capacity  of  the  tempered  sample  (curve  a)  increases  right  up  to  500*  with  a  temperature  coeff¬ 
icient  that  is  normal  in  magnitude.  The  heat  capacity  is  practically  constant  in  the  range  450-550*, 

changes  again  in  the  600"  region  with  a  value  of  the  coefficient  that  is  normal  in  magnitude  and, 

finally,  above  615*  an  anomalous  change  in  the  heat  capacity  is  observed. 

The  diminishing  of  "^'^--ln  the  450 -550 *.  regions  indicates  the  presence  of  a  process  which  is  accompanied 
by  a  weak  exothermic  effect  (see  below). 

The  behavior  of  the  sample  close  to  600®  can  also  characterize  the  presence  of  a  conversion  associated  with 
evolution  of  heat.  This  conversion  can  be  caused  both  by  further  tempering  of  the  melt  (inasmuch  as  carrying 
out  the  tempering  at  800*  can  be  insufficient)  and  by  coagulation  of  the  already  evolved  B  and  6*  phases. 

The  curves  b,c  and  e^  were  obtained  after  quenching  the  tempered  sample  respectively  at  620  ,  800  and  1300* 
and  thus  characterize  the  behavior  of  a  biphasic  alloy  in  the  course  of  assuming  the  monophasic  state. 

As  is  evident,  quenching  introduces  signific^at  changes  into  the  structure  of  the  tempered  sample.  One  must , 
however,  differentiate  quenching  at  620  and  800*  ^temperature  of  existence  of  the  biphasic  region  0  +  0')  and  at 
1300*  (temperature  of  existence  of  the  solid  solution  0'). 

The  curves  b  and£,  which  characterize  the  behavior  of  the  biphasic  sample  after  quenching  at  620  and  800*, 
are  similar  to  each  other.  Each  of  them  indicates  the  presence  in  the  sample  of  two  conversions  which  proceed 
with  the  evolution  of  heat;  one  in  the  300-450“  region,  another  in  the  450 -550*  region. 

The  curve  e^,  which  reflects  the  behavior  of  the  monophasic  solid  solution  0*,  is  considerably  different  from 
the  curves  b  and  c.  It  has  only  one  minimum  in  the  300  -450*  region  which  is  in  common  with  curves  b  and  c. 

A  minimum  in  the  450-550*  region  is  not  observed  while  a  minimum  appears  in  the  580-650*  region  which  is  par¬ 
ticularly  characteristic. 

In  what  follows,  the  effects  pertaining  to  conversions  in  the  300-450  ,  450-550  ,  580-650*  region  will  be  res¬ 
pectively  designated  as  low,  middle  and  high  temperature  effects. 

The  curve  e^  completes  the  series  of  curves  ji,  b  and  c  which  characterize  the  behavior  of  the  biphasic  sample 
in  the  process  of  assuming  the  monophasic  state.  At  the  same  time  it  is  the  curve  of  the  first  heating  in  the  series 
of  curves  e^,  and  eg  (Fig.  3).  These  curves  were  obtained  in  the  process  of  repeated  adiabatic  heatings  of  the 
sample,  quenched  at  minimal  coercivity  (approximately  equal  to  14  oersteds),  and  therefore  characterize  the  ener¬ 
getic  changes  in  the  minimally  coervive  sample  during  its  transition  into  a  state  with  high  coercivity. 

The  data  of  the  measurements,  before  and  after  each  heating,  are  presented  in  Table  1. 

Curves  ^  and  eg  reflect  the  bdiavior  of 
a  minimally  coercive  sample,  respectively 
during  a  second  and  a  third  heating. 

It  follows  from  the  curve  of  secondary  heat¬ 
ing,  eg,  that  the  quenched  sample  still  does 
not  undergo  conversion  in  the  30(1^-450®  region. 
Conversion  takes  place  in  the  580  -650^  regitm, 
although  the  effect  of  this  conversion  is  ex¬ 
pressed  considerably  more  weakly  than  on 
curve  eg  . 

The  fact  that  a  middle  temperature  exo¬ 
thermic  effect,  characteristic  only  of  the 
biphasic  state  (curves  a,b,  and  c)  appears  on 
curve  is  very  curious. 

A  high  temperature  exothermic  effect  is  entirely  absent  on  the  curve  of  the  third  heating,  eg,  and  an  effect 
in  the  middle  temperature  region  (450  -550®)  occurs  only  as  on  curve  e^.  It  is  characteristic  that  the  third  heating, 
in  contrast  to  first  two  heatings,  is  not  accompanied  by  change  in  the  coercivity  (Table  1).  This  means  that 
curve  eg  reflects  the  energetic  behavior  of  the  maximally  coercive  sample. 

On  the  basis  of  the  analysis  indicated  above  of  the  curves  of  Fig.  3,  we  can  assert  that  the  sample  under 
investigation  undergoes  (in  principle)  the  same  conversions  (low  temperature,  middle  temperature  and  high  temper¬ 
ature)  regardless  of  whether  it  proceeds  from  the  biphasic  to  the  monophasic\(eurves b,  c  and  eg)  or  from  the 
monophasic  (minimally  coercive)  to  the  highly  coercive  state  (curves  e^,  and  eg). 


TABLE  1 


No,  of 

Alloy  after  quenching  at  1300* 

in  water 

heating 

1 

2 

Hf.  (oersted) 

Hf.  (oersted) 

Bqfple  expt.  Afteri^^s^.- 

Before  expt^;  After  expt. 

1 

51.0 

233.0 

174,.  ■ 

136.0 

2 

233.0 

250.0 

1 136.0 

191.5 

3 

250.0 

250.0’  max. 

;i91.5 

216.3 

4 

- 

- 

216.3 

226.0 

5 

- 

- 

1  626.0 

226.0  max. 
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We  must  now  determine  which 
of  the  indicated  conversions  is  associ¬ 
ated  with  the  process  of  magnetic  hard¬ 
ening  of  Fe  -  Ni  —  A1  alloys. 

Let  us  return  to  the  comparison  of 
the  results  of  measurements  of  the  true 
heat  capacity  (curves  Cj,  ej,  and  e3)  and 
the  coercivity  of  the  intermediate 
states  (Table  2)  of  the  sample,  obtained 
in  the  course  of  the  secondary  adiabatic 
heatings.  It  follows  from  this  com¬ 
parison  that  the  energetic  conversions 
in  the  region  of  low  (300-450®)  and 
middle  (450-550®)  temperatures  do 
not  directly  participate  in  the  magne¬ 
tic  hardening  of  iron -nickel-aluminum 
alloys.  The  coercivity  of  the  sample 
hardly  changes  while  being  heated  right 
up  to  500®.  The  increase  of  H^,  occurs 
in  the  region  of  the  high  temperature 
exothermic  effect,  this  effect  is 
appreciably  weakened  with  each  sub¬ 
sequent  heating.  A  lesser  increase  in 
the  coercivity  (Table  2)  corresponds 
to  a  lesser  exothermic  effect.  As  has 
already  been  indicated,  on  the  curve 
e3,  which  reflects  the  behavior  of  a 
maximally  coercive  sample,  the  high 
temperature  exothermic  effect  is 
practically  absent. 

Thus,  of  the  three  conversions  which 
have  been  brought  to  light,  only  the 
conversion  in  the  region  of  high  temp¬ 
eratures  (580-650®)  is  a  necessary 


’  3S0  iSO  550 

^  maximally  coercive  sample,  the  high 

temperature  exothermic  effect  is 

Fig.  3,  Curves  for  the  true  heat  capacity  as  a  function  of  the  temperature  racticall  absent 
of  alloy  1  after  various  heat  treatments. 

a)  After  tempering  at  800“  (18  hours):  b)  and  c)  after  quenching  the  tern-  Thus,  of  the  three  conversions  which 

pered  sample;  Cj)  ej)  and  ej)  curves  of  the  first  second  and  third  heat-  have  been  brought  to  light,  only  the 
ings  of  a  sample,  quenched  at  1300®  in  water.  conversion  in  the  region  of  high  temp¬ 

eratures  (580-650®)  is  a  necessary 

condition  for  establishii^  a  highly  coercive  state  in  Fe  —  Ni  —  A1  melts. 

We  link  the  low  temperature  exothermic  conversion  with  the  effect  of  supplementary  ordering  of  the  high 
temperature  6'  phase.  The  correctness  of  this  assumption  is  confirmed,  in  the  first  place,  by  the  fact  that  this 
conversion  is  strictly  localized  (300-450®)  and  in  the  second  place,  since  this  conversion  can  be  observed  in  a  sample 
by  quenching  it  at  various  temperatures  (620  ,  800,  1300®),  the  higher  the  quenching  temperature,  the  greater  the 
heat  effect  corresponding  to  it  (curves  b,  c,  and  e^). 

In  our  opinion,  the  high  temperature  heat  effect  is  a  consequence  of  decomposition  of  the  high  temperature  phase 
into  conjugated  phases.  The  following  important  facts  argue  in  favor  of  this  a  ssertion. 

1.  A  sample,  which  has  undergone  high  temperature  conversion  (for  example,  after  the  first  heating),  is 
capcable  of  undergoing  a  conversion  characteristic  of  the  bij^asic  state,  and  specifically  middle  temperature  con¬ 
version  (curves  ej,  and  e^). 

2.  The  high  temperature  heat  effect  occurs  only  in  samples  quenched  at  a  temperature  at  which  the  mono- 
phasic  solid  solution  exists  (above  970*).  In  samples  quenched  at  temperatures  at  which  the  biphasic  B+6'  region 
exists,  we  did  not  observe  such  a  conversi(»i. 

The  experimental  material  obtained  does  not  permit  the  nature  of  the  middle  temperature  conversion  to  be 
definitely  determined.  There  is  no  doubt  that  it  is  a  consequence  of  processes  associated  with  the  formation  of 
conjugated  phases  from  the  decomposition  of  the  monophasic  solid  solution. 

Results  of  the  Measurements  of  the  True  Heat  Capacity  of  Sample  2.  :  The  results  of  the  measurements  of  the 
tme  heat  capacity  of  sample  2  are  set  forth  in  Fig.  4.  The  curves,  like  those  of  Fig.  3,  are  drawn  on  the  basis 
of  the  experimental  points. 


By  analogy  with  sample  1,  curve  a  character  ¬ 
izes  the  energetic  behavior  of  a  tempered  sample, 
while  curves  e^,  e*.  ej,  e4  reflect  the  energetic 
changes  in  a  sample,  quenched  at  minimal  coerci  - 
vity  (50  oersteds)  in  the  course  of  the  secondary 
adiabatic  heatings. 

It  can  readily  be  seen  that  curves  a  and  e^ 
do  not  qualitatively  differ  from  the  corresponding 
curves  of  sample  1.  The  differences  which  are 
present  amount  only  to  the  fact  that  the  heat  effects 
caused  by  the  low  temperature  and  high  temperature 
conversions  are  more  sharply  expressed  on  the 
curves  of  sample  2. 

Energetic  changes  analogous  to  those  of  sample 
1  are  also  reflected  on  curves  Cj,  ej  and  e^.* 

Sample  2  also  did  not  undergo  conversion  in  the 
low  temperature  region  on  second  heating  (curve 
62);  the  conversion  in  the  hi^h  temperature 
(580-650®)  is  retained  and  convetsicm  is  observed 
in  the  middle  temperature  region  (450-550*). 

Each  subsequent  heating  (curves  e^.  e^,  e*.  e4)  is 
characterized  by  a  high  temperature  heat  effect 
which  is  weaker  in  comparison  with  the  preceding 
and  a  smaler  increase  in  the  value  of  (Table  2). 

However,  the  kinetics  of  the  decomposition  of 
the  high  temperature  solid  solution  B',  and  conse¬ 
quently,  the  conditions  of  the  magnetic  hardening  of 
samples  1  and  2  is  appreciably  different.  In  the 
first  place,  the  maximum  possible  coercivity  for  sam¬ 
ple  2  is  reached  with  the  least  speed  (four  heatings 
as  against  two  **  for  sample  1);  in  the  second  place, 
the  total  heat  effect  of  the  high  temperature  region  exceeds  that  of  sample  1,  since  the  considerable  increase  in  coer¬ 
cive  force  expected  in  this  connection  for  sample  2  was  not  observed.  was  of  the  same  order  for  both  samples  In 
the  third  place,  finally,  the  high  temperature  conversion  effect  noted  on  curve  e4  is  not  associated,  as  one  was  bound  to 
expect,  with  the  change  in  coercive  force  (Table  1);  curve  64  as  well  as  curve  ej.  Fig.  3  in  fact  reflects  the  state  of  a 
maximally  coercive  sample. 

The  absence  of  increase  in  the  coercivity  as  a  result  of  the  fifth  heating  (curve  e4)  of  sample  2  should  be  explain¬ 
ed  by  the  presence  in  it  of  processes  which  completely  compensate  for  the  action  of  the  high  temperature  conversion, 
such  as,  apparently,  coagulation  of  phases  B  and  B'  and  the  relieving  various  forms  of  tension.  An  appreciable  increase 
in  these  processes  for  sample  2  was  facilitated  by  a  more  prolonged  tempering  than  for  sample  1 . 

Thus,  the  high  temperature  conversion  is  only  a  necessary,  but  not  a  sufficient  condition  for  the  establishment  in 
Fe-Ni-Al  alloys  of  maximal  coercivity.  Conditions,  in  which  there  are  processes  which  compensate  for  the  action  of 
the  high  temperature  conversion,  must  be  acknowledged,  apparently,  as  sufficient.  We  assume  that  tlie  conditions  of 
magnetic  hardening  during  continuous  quenching  of  the  sample  at  a  certain  critical  rate  approach  such  conditions.  This 
thermal  treatment,  as  is  well  known,  permits  one  to  achieve  maximal  coercivity.  It  is  therefore  of  interest  to  return 
to  the  analysis  of  curve  b.  Fig.  4,  which  reflects'-  the  energetic  behavior  of  a  highly  coercive  (approximately  370  oer¬ 
steds)  sample  obtained  by  casting. 

Curve  b  is  characterized  by  one  heat  effect  in  the  middle  temperature  region  (450-550®);  the  high  temperature 
heat  effect  is  actually  absent.  In  form,  curved  brings  to  mind  the  curve  (es  of  Fig.  3)  of  the  highly  coercive  sample  1, 
which,  as  we  demonstrated,  is,  in  comparison  with  sample  2,  less  subject  to  the  influence  of  processes  which  compen¬ 
sate  for  the  action  of  high  temperature  conversicxi. 

The  similarity  of  curves  b  and  ej  also  argues  in  favor  of  the  conclusion  that  no  kind  of  difference  (in  principle)  be¬ 
tween  the  structures  of  the  highly  coercive  samples,  obtained  under  the  conditions  of  quenching  and  tempering,  and  in 

•  ej  and  e4  are  respectively  the  curves  of  the  fourth  and  fifth  heatings.  The  curve  of  the  third  heating  is  not  shown  on  Fig.4. 
••  The  rates  of  heatings  were  identical. 


Fig.  4.  Curves  for  the  true  heat  capacity  as  a  function  of  the 
temperature  of  alloy  2  after  various  heat  treatments, 
a)  After  tempering  at  800®  (18  hrs.);  b)  after  casting;  e^,  e2. 
ej.  and  the  corresponding  curves  of  the  first,  second, 
fourth,  and  fifth  heatings  of  a  sample,  quenched  at  1300® 
in  water. 
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the  process  of  continuous  cooling,  is  observed. 

Curves  of  the  True  Heat  Capacity  of  Sample  3.  Sample  3  (in  composition  39.6  atoms  1o  Al,  25.4  atoms  Ni) 
is  decomposed  in  the  monophasic  regioi  of  Bradley  (Fig.  2). 


Fig.  5.  Curves  for  the  true  heat  capacity  as  a  function  of  the  temperature  of  melt  3, 

a)  Sample  quenched  at  1300*  in  water;  b)  sample  tempered  at  800“  (length  of  heating  5  hours). 

The  curves  for  the  true  heat  capacity  of  sample  3  are  set  forth  in  Fig.  5.  Curve  a  was  obtained  by  heating  the 
sample,  quenched  at  1300*  in  water,  curved  with  the  same  sample,  but  held  at  800*  for  a  duration  of  5  hours  and 
quenched  at  this  temperature  in  water. 

The  shape  of  curve  z  brings  to  mind  the  curves  for  other  samples  quenched  at  1300*  in  water  (curves  e^  Fig.  3 
and  4).  In  accordance  with  these,  the  heat  effect  in  the  350-500*  region  should  be  ascribed  to  a  supplementary  order¬ 
ing  of  the  high  temperature  0*  phase  and  the  effect  observed  in  the  550-660*  region,  to  its  decomposition.  The  given 
hypothesis  is  found  to  be  in  complete  agreement  with  the  results  of  the  measurements  of  the  coercivity.  Prior  to  heat¬ 
ing  the  coercivity  of  the  sample  was  determined  to  be  4  oersteds  and.  after  heating  it  rose  to  a  value  of  140  oersteds. 

We  assume  that  when  quenched,  sample  3  undergoes  precipitation  hardening  with  evolution  of  the  same  excess  phase  as 
samples-1  and  2. 

Curve  b  also  brings  to  mind  one  of  the  curves  of  biphasic  state  of  the  alloys  under  consideration.  In  the  low  temp¬ 
erature  region  (up  to  550*)  it  was  qualitatively  close  to  curve _c  of  Fig.  3,  since  it  is  characterized  by  heat  effects  which 
are  caused  by  low  and  middle  temperature  conversions.  The  quantitative  differences  in  the  comparable  heat  effects  of 
curves_b  and^,  and  also  the  displacement  of  the  minimums  of  the  heat  effects  on  curve  J>  in  the  direction  of  lower  tem¬ 
peratures  argues  only  fcv  differing  compositions  and  quantitative  ratios  of  the  decomposed  phases. 

In  the  high  temperature  region,  curve  b  is  close  in  its  shape  to  curve  (Fig.  4).  As  in  the  latter,  curve  b  reflects 
the  behavior  of  a  maximally  coercive  sample  (H^  before  and  after  heating  is  equal  to  158  oersteds)  and  at  the  same 
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TABLE  2 


Alloy  1  after  quenching  at  1300* _ Alloy  2  after  quenching  at  1300*  In  water 


Hp  (oersteds)  at  the  given  temp. 

(oersteds)  at  the  given  temp. 

Room 

515” 

620” 

703" 

Increase 

Room 

515” 

620” 

703” 

Increase  in 

in 

1 

51.0 

51.0 

58.00 

190.0 

1 

14.4 

0) 

14.9 

86.5 

2 

51.0 

55.0 

69.00 

220.0 

oU  .U 

2 

14.4 

c 

18.0 

136.0 

3 

51.0 

56.7 

74.16 

232.7 

3 

14.4 

r 

20 .0 

159.7 

4 

14.4 

O 

2 

24.0 

178.0 

18.3 

times  indicates  the  presence  in  sample  3  of  high  temperature  conversion.  Apparently,  the  magnetic  hardening  of  this 
sample,  like  that  of  sample  2,  was  subject  to  processes  which  compensate  for  the  action  of  the  high  temperature  exo¬ 
thermic  effect. 

Thus,  the  behavior  of  sample  3  does  not  correspond  to  the  monophasic  composition  plotted  on  the  composition 
diagram  of  the  Fe— Ni— A1  system  (Fig.  2).  The  given  diagram,  in  spite  of  the  changes  which  were  introduced  in  1951 
[12],  requires  further  refinement. 

SUMMARY 

1 .  The  true  heat  capacity  of  tempered,  quenched  and  highly  coercive  melts  was  studied: 

a)  in  the  6  +  6'  region,  with  a  composition  of  54.8  atoms  of  Fe,  23.3  atoms  io  of  Ni,  21.9  atoms  of  Al, 
and  55.7  atoms  ^  of  Fe,  21.0  atoms  of  Ni,  23.3  atoms  '’fo  of  Al;  and  b)  in  the  6'  region  with  a  content  of  35.0  atoms  ^ 
of  Fe,  25.4  atoms of  Ni;  39.6  atoms  of  Al. 

2.  The  energetic  changes  in  the  course  of  reaching  iron-nickel-aluminum  alloys  of  high  coercivity  state  were 
considered. 

3.  The  presence  of  three  exothermic  conversions  in  the  300-450,  450-550  and  580-650”  region  was  noted. 

4.  It  was  established  that  a  conversion  in  the  580  -  650”  region  was  associated  with  processes  of  magnetic  harden¬ 
ing  of  iron -nickel -aluminum  alloys. 

5.  It  was  shown  that  the  boundaries  of  the  6  +  6’  region  of  the  composition  diagram  of  the  Fe-Ni-Al  system  re¬ 
quires  further  refinement. 

6.  The  region  of  precipitation  hardening  of  Fe-Ni-Al  alloys  was  rendered  more  precise;  specifically,  it  was 
placed  above  550”.  Processes  were  observed  in  the  sample  which  were  accompanied  by  low  and  middle  temperature 
effects  and  which  did  not  directly  participate  in  the  magnetic  hardening  of  these  melts. 

7.  The  experimental  data  do  not  permit  us  to  note  any  differences  in  principle  between  the  energetic  states  of 
the  tiighly  coercive  samples  obtained  in  the  process  of  quenching  and  tempering  and  under  conditions  of  continuous 
cooling. 
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INVESTIGATIONS  IN  THE  FIELD  OF  POLYTHIONIC  ACIDS 
IV.  SULFURIZATION  OF  HEXATHIONIC  ACID 

I.  V.  Yanitsky  and  I.  N.  Valanchunas 


Hexathionic  acid,  formed  as  a  result  of  the  reaction  of  free  thiosulfuric  acid  and  hydrogen  sulfide  according  to 
the  equation 

SHjSjOi  +  I%S— HjSjO,  +  S  +  SHjO.  (1) 

adds  a  certain  quantity  of  elementary  sulfur  and,  thus,  is  partially  converted  into  polythionic  acids  of  a  higher  degree 
of  sulfurization.  We  recently  succeeded  in  showing  that  in  the  solutions  obtained  as  a  result  of  the  Indicated  reaction, 
octathionic  acid  is  present  [1].  However,  its  quantity  in  such  solutions  is  very  small,  since  the  sulfurization  of  hexa¬ 
thionic  acid,  i.e.,  the  reaction  of  the  products  of  reaction  1  proceeds  on  a  very  limited  scale:  the  average  content  of 
sulfur  in  the  molecule  of  the  polythionic  acid  obtained  does  not  reach  more  than  6.5. 

In  the  present  work  we  have  set  ourselves  the  task  of  accomplishing  the  sulfurization  of  hexathionic  acid  on  as 
large  a  scale  as  possible  and  of  obtaining  solutions  ccntaining  predominantly  acids  with  more  than  six  sulfur  atoms  In 
the  molecule. 


EXPERIMENTAL 

1.  Preparation  of  solutions  of  polythionic  acids  with  an  average  number  of  sulfur  atoms  in  the  molecule,  n, 
equal  to  approximately  7.  The  first  method  by  which  it  proved  to  be  possible  to  accomplish  the  task  indicated  above, 
involved  carrying  out  reaction  (1)  in  concentrated  hydrochloric  acid  in  the  presence  of  sulfurous  acid.  The  optimal 
molar  ratio  of  the  starting  materials  -  thiosulfate  :  sulfide  :  disulfite  was  3:1:2. 

150  ml  of  concentrated  (10.5-12N)  hydrochloric  acid  was  cooled  in  a  flask  with  a  ground  stopper  to  a  tempera¬ 
ture  below  10*.  A  solution  of  16  millimoles  of  NaHSQi  in  20  ml  of  water  was  carefully  poured  into  this  acid,  and  the 
flask  was  at  once  covered.  In  another  vessel  a  solution  of  24  millimoles  of  Na^SiCl^  in  20  ml  of  water  was  stirred  with 
a  concentrated  solution  of  sulfide  containing  8  millimoles  of  KHS  or  NajS.  This  mixture  was  carefully  distributed  from 
a  submerged  pipet  into  the  mixture  of  hydrochloric  acid  and  bisulfite.  On  shaking  a  white  crystalline  precipitate 
(NaCl  or  KCl)  at  once  appeared,  and  quickly  settled  out.  After  several  minutes  an  opalescence  -  the  beginning  of  sul¬ 
fur  evolution  —  appeared.  In  the  course  of  15-20  minutes  the  reaction  mixture  was  diluted  in  a  measuring  flask  with 
5  N  hydrochloric  acid  to  250  ml,  corked  and  left  in  a  cooled  place  (approximately  10*).  After  15-16  hours  a  sample 
was  taken  from  the  transparent  upper  layer  of  the  solution  to  determine  the  hydrosulfuric  acid.  The  remaining  mixture 
was  filtered  through  a  dry  weighed  filter  into  a  dry  vessel.  The  sulfur  which  was  filtered  off  was  dried  in  a  desiccator 
and  weighed  and  the  mother  liquor  was  subjected  to  analysis  for  sulfur  compounds  [2]. 

It  is  evident  from  the  experimental  data  (Table  1)  that  a  solution  of  polythionic  acid  is  formed  in  this  way,  the 
composition  of  which  approximately  corresponds  to  that  of  heptathionic  acid;  theref(»e  one  could  expect  that  hepta- 
thionic  acid  in  the  form  of  its  benzidine  salt  could  be  obtained  from  such  a  solution. 

We  carried  out  the  fractional  precipitation  of  the  polythionic  acids  with  benzidine  chloride  from  the  solutions 
of  experiments  4-7  and  determined  the  average  number  of  sulfur  atoms  in  the  molecule  of  the  benzidine  salt  prepar¬ 
ations  obtained  [1],  It  is  evident  from  the  data  presented  (Table  2)  that  fraction  I  of  the  precipitate  consisted  of  octa- 
thionate  in  all  cases  and  II,  of  the  hexathionate  of  benzidine.  We  did  not  succeed  in  obtaining  heptathionate. 

It  follows  from  this  that  the  solutions  with  n  approximately  equal  to  7  obtained  by  the  above  method,  primarily 
contain  octathionic  and  hexathionic  acid,  in  approximately  equal  quantities,  but  do  not  contain  appreciable  quanti¬ 
ties  of  heptathionic  acid.  The  latter,  evidently,  if  it  exists  in  general,  must  be  in  a  very  stable  equilibrium  with  both 
other  acids. 

It  is  interesting  that  fraction  III  of  the  benzidine  salt  precipitate  again  consists  of  octathionate.  This  fraction  is 
evolved  after  addition  to  the  mother  liquor  from  Fraction  II  of  excess  benzidine  chloride  and  being  left  to  stand  for 


793 


1 


3-4  days  in  a  cooled  place.  It  follows  from  this  that  after  eliminating  a  considerable  portion  of  the  octathionic 
acid  (fraction  I  of  the  benzidine  salt)  a  slow  accumulation  of  the  latter  proceeds  anew  in  the  solution,  probably  via 
redistribution  of  sulfur  between  molecules  of  polythionic  acids,  for  example,  according  to  the  equations: 

2H,S^— ^  HjSsO,  +  HjStO, 

+  H,S,0,— ^  H,S,0,  +  HjSgOj  (2) 

31^S,Oe— *•  HjSgOe  +  2H,S50e. 

The  basic  reaction  leading  to  the  formation  of  polythionic  acids  under  the  conditions  described  above  should  be 
considered  reaction  (1),  since  the  number  of  moles  of  polythionic  acids  found  in  all  cases  was  equal  to  about  one 
third  of  the  number  of  moles  of  thiosulfate  taken  or  somewhat  less.  Consequently,  the  polythionic  acid  which  is 
primarily  formed  here,  appears  to  be  hexathionic  acid.  Sulfurous  acid  undoubtedly  participates  in  its  sulfurization  to 
octathionic  acid,  since  in  the  absence  of  the  latter  this  sulfurization  proceeds  only  on  a  small  scale  among  the  start¬ 
ing  materials  [1]. 


TABLE  1 

Products  of  the  Reaction  of  24  Kfillimoles  of  Na^SjC^,  8  Millimoles  of  KHS  and  16  Millimoles  of  NaHSQi 
in  Caicentrated  HCl 


Content  (in  millimoles)  of 

Content  of  elementary 
sulfur  (in  mg-atoms) 

Number  of  sulfur 
atoms  ji 

SO^ 

1 

7.05 

1.50 

13.24 

5.78 

7.25 

2 

8.13 

1.25 

10.00 

- 

7.00 

3 

7.50 

5.00 

12.70 

5.42 

6.83 

4 

7.87 

0.50 

15.28 

2.60 

6,84 

5 

6.56 

1.25 

14.53 

5.20 

7.06 

6 

6.69 

1.25 

14.66 

4.25 

7.07 

7 

8.12 

“ 

14.06 

- 

6.90 

TABLE  2 

Average  Number  of  Sulfur  Atoms  (n)  in  the 
Molecule  of  Benzidine  Polythionates 
(Experiments  4-7)  after  Fractional  Precipitation 


Experi¬ 

ment 

No. 

Number  of  sulfur  atoms 

Fraction 

I 

1  II 

m 

4 

8.1 

1  6.1 

8.0 

5 

8.0 

j  6.2 

8.0 

6 

8.1 

i 

- 

7 

8.2 

1 

- 

Sulfurous  acid  here  plays,  evidently,  the  role  of  sulfur 
carrier:  it  first  adds  elementary  sulfur,  freed  as  a  result  of 
reaction  (1), 

HjSOi  +  S  HjSjOi,  (3) 

while  the  thiosulfuric  acid  which  is  formed  gives  up,  under  the 
given  conditions  of  acidity,  a  sulfur  atom  to  the  hexathionic 
acid 


HjS,Oe  +  2H,S,0^  HjSgO,  +  2S0i  +  2HjO.  (4) 

The  latter  reaction  probably  proceeds  in  two  stages,  i.e., 
via  the  unstable  heptathionic  acid. 


Reacticm  (3)  can  proceed  from  left  to  right  under  the  conditioiu  of  our  experiments,  since  the  free  thiosulfuric 
acid  has  a  considerably  greater  stability  in  relation  to  the  ordinary  decomposition  with  elimination  of  sulfur  [3].  The 
remarkably  high  hydrogen  ion  concentration  also  appears  to  be  a  prerequisite  for  the  formation  of  octathionic  acid 
according  to  equation  (4),  i.e.,  the  displacement  of  this  equililxrium  is  to  the  right. 


Experiments  8  and  9,  carried  out  under  completely  analogous  conditirxis,  but  with  the  use  of  2  N  hydrochloric 
acid  in  place  of  concentrated  hydrochloric  acid  (Table  3)  illustrate  this  role  of  the  hydrogen  ion  concentration. 

Here  too,  the  primary  reaction  in  the  formation  of  polythionic  acid  is  undoubtedly  the  reaction  of  thiosulfuric 
acid  with  hydrogen  sulfide  according  to  equation  (1),  since  the  lumber  of  moles  of  polythionic  acid  formed  amounts 
to  around  one  third  of  the  number  of  moles  of  thiosulfate  taken  and  is  almost  equal  to  the  number  of  moles  of  sulfide 
taken.  But  here,  in  place  of  the  sulfonization  of  hexathionic  acid,  its  so-called  sulfite  decompositions  to  pentathionic 
acid  occurs  accordii^  to  the  equation 


l^SgO.  +  l^SOb  ^  HgSjO*  +  HgSjOi. 


(5) 


Inasmuch  as  the  thiosulfuric  acid  here  regenerated  is  unstable  in  dilute  hydrochloric  acid,  we  ftnd  coiuiderably 
more  elementary  sulfur  in  these  experimrats  than  equation  (1)  requires,  and  almost  all  the  initial  sulfurous  acid. 
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TABLE  3 

Products  of  the  Reaction  of  48  Millimoles  of  Na2S20^,  1 6 
MilUmoles  of  KHS  and  32  Millimoles  of  NaHSO^  in  2N  HCl 


Experi  - 

Content  (in  millimoles), of 

Ccaitent  of 

Number 

ment 

! 

elementary 

of  sul- 

No. 

HSnOj 

HtSjQ, 

sulfur  (in  mg- 
atoms) 

fur  atoms 

n 

8 

15.0 

7.0 

28.7 

26.6 

5.20 

9 

15.6 

3.1 

30.3 

26.9 

4.95 

2.  Preparation  of  solutions  of  octathionic  acid. 
In  the  experiments  described  above,  sulfurization  of 
hexathionic  acid  proceeds  due  to  the  elementary  sul¬ 
fur  freed  as  a  result  of  reaction  (1);  therefore  the  hep- 
tathionic  acid  or  the  mixture  which  we  obtained  of 
equivalent  quantities  of  octathionic  and  hexathionic 
acids  here  represent  the  theoretical  limit  of  sulfuri  - 
zation. 


With  the  object  of  exceeding  this  limit  we 
attempted  to  accomplish  in  one  and  the  same  solution 
the  two  basic  reactions  —  reaction  (1),  giving  hexa¬ 


thionic  acid  and  sulfur  and  simultaneously  the  reaction  of  hydrogen  sulfide  with  sulfurous  acid. 

2HjS  +  l^SC^  — »•  3S  -(•  3H20.  (6) 


We  started  at  the  same  time  on  the  assumption  that  the  additional  quantity  of  sulfur  which  reaction  (6)  would 
give  could,  although  partially,  add  to  the  hexathionic  acid  which  was  being  formed  as  a  result  of  reaction  (1). 


The  experimental  data  (Table  4)  show  that,  starting  with  a  molar  ratio  of  the  reagents  —  thiosulfate  :  sulftde: 
bisulfite  of  6:7:5,  with  a  small  excess  of  bisulfite,  *  we  succeeded  in  obtaining  a  solution  containing  almost  all  the 
sulfur  of  the  starting  materials  (up  to  98 in  the  form  of  polythionic  acids  with  an  average  number  of  sulfur  atoms  in 
the  molecule  n  =  8, 


TABLE  4 

Reaction  of  Thiosulfate,  Sulfide  and  Bisulfite  with  Hydrochloric  Acid 


Experi¬ 

ment 

No, 

Amount  taken  of 

Concen 

tration 

of  HCl 
(N) 

Volume 

1  Reaction  products 

Number  of 
sulfur  atoms 

0. 

1  NaHS 

NaHSt^ 

HCl 

(in 

ml) 

of  the 

mixture 
(in  ml) 

S  (in  mg- 
atoms) 

(In  millimoles) 

(In  millimoles) 

10 

24.0 

27.7  5 

22.85 

300 

1.6 

500 

11.50 

0.50 

0.69 

0.63 

7.97 

11 

24.0 

27.75 

22,85 

300 

1.6 

500 

10,75 

1.00 

0.62 

1.95 

7.91 

12 

24.0 

28.00 

25.00 

300 

2.0 

500 

12.25 

0.25 

3.06 

1.17 

7.93 

13 

120.0 

138.80 

105.80 

700 

3.4 

1000 

59.0 

3.50 

2.75 

Traces 

8.00 

14 

120.0 

140.00 

116.00 

700 

3.4 

1000 

59.5 

3.00 

2.40 

Traces 

8.00 

15 

120.0 

138.80 

105.80 

700 

3.4 

1000 

59.9 

0.50 

1.70 

Traces 

8,00 

16 

60.0 

70.00 

56.00 

300 

5.0 

500 

29.4 

4.00 

1.80 

Traces 

7.80 

17 

60.0 

70.00 

52.40 

300 

5.0 

500 

29.5 

0.00 

1,75 

Traces 

8.00 

18 

60.0 

70.00 

58.00 

300 

5.0 

500 

29.0 

3.00 

4.25 

Traces 

7.90 

The  experimental  methods  of  these  experiments  were  analogous  to  those  described  above  for  experiments  1  -9 
with  only  this  difference, that  here  it  was  not  necessary  to  let  the  reaction  mixture  stand  for  a  prolonged  time,  since 
sulfur  was  almost  not  evolved  at  all  or  was  evolved  only  in  a  small  quantity  and  quickly  precipitated.  In  this  case 
it  proved  expedient  to  carry  out  the  reaction  not  in  a  concentrated  but  in  moderately  dilute  hydrochloric  acid  solu¬ 
tion.  The  dilution  of  the  reaction  mixture  could  be  carried  out  with  water  in  a  measuring  flask.  A  the  optimal  conc¬ 
entration  of  hydrochloric  acid  (3.4-5  N,  experiments  13-18),  sulfur  was  hardly  evolved  at  all,  and  sometimes  only  a 
light  opalescence  appeared  while  the  solution  acquired  a  yellowish  color. 

Precipitation  of  polythionic  acid  from  these  solutions  with  benzidine  chloride  gave  benzidine  octathionate  (Table 
5):  we  did  not  succeed  in  obtaining  any  other  polythicmates  of  benzidine  by  fractional  precipitatirxi  in  this  case.  It 
follows  from  this  that  these  solutions  predominantly  contain  octathionic  acid,  which  has  considerable  stability  under 
the  given  conditions. 

The  circumstance,  that  solutions  of  octathionic  acid  prepared  under  optimal  acidity  conditions  (3.4  -5  N  HO, 
experiments  13-18)  remain  transparent  for  4-5  hours,  and,  after  2-3  days  at  a  temperatiue  not  exceedii^  10*.  evolve 
only  an  insignificant  quantity  of  sulfur,  also  indicates  the  comparative  stability  of  octathionic  acid. 

The  number  of  moles  of  octathionic  acid  formed  in  these  experiments  exceeds  by  one  third  the  number  of  moles 
of  thiosulfate  taken.  Consequently,  the  formation  of  polythionic  acid  here  proceeds  not  only  via  reaction  (1),  but  also 
as  a  result  of  the  reaction  of  hydrogen  sulfide  with  sulfurous  acid,  as  in  the  well  known  Vakenroder  solution.  The  general 

•  Excess  bisulfite  was  necessary  in  view  of  the  fact  that  at  the  time  of  the  experiment  a  small  quantity  of  sulfur 
dioxide  volatilized. 
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i.e.,the  total  process  can  be  expressed  by  the  equation: 

eHjSjOi  +  7H,S  +  5H,SOi  - ►  31%S,Oe  +  15H,0  (7) 

Our  experimental  data,  in  particular  the  results  of  experiments  13-18,  carried  out  at  optimal  solution  acidity, 
are  found  to  be  in  entire  agreement  with  this  equation:  the  number  of  moles  of  octathionic  acid  found  is  almost  ex¬ 
actly  equal  to  half  the  number  of  moles  of  the  thiosulfate  taken  and  almost  all  the  sulfur  of  the  starting  materials 
is  found  in  the  fcxm  of  this  acid. 

Equation  (  7)  can  be  obtained  by  the  addition  of  a  series  of  simple  equations, 
which  still  express  well  known  reactions;  specifically,  equaticais  (1),  (3),  (4),  (6\ 
and  also: 

HjS  +  H,SO^  ^  HjSjOi  +  HjO  (8) 

and 

+  2H,S,0^ - ►  HjSjOe  +  2H2O  [4].  (9) 

The  mechanism  of  reaction  (1)  has  already  been  analyzed  by  us  previously  [1], 

A  somewhat  simpler  overall  expression  for  the  formation  of  octathionic  acid 
from  these  same  substances  can  be  obtained  by  another  combination  of  these  same 
Equations: 

SHjSjOi  +  4I^S  +  2H,S0i - ►  2H,S,Oe  +  9HjO  (10) 

The  quantitative  completion  of  the  reaction  according  to  this  equaticHi,  however,  can  not  be  accom¬ 
plished  except  at  an  initial  ratio  of  the  reacting  substances  of  5:4:2,  since  the  evolution  of  considerable  quan¬ 
tities  of  sulfur  can  not  be  successfully  avoided. 

SU  MM  ARY 

1.  The  reaction  of  thiosulfuric  acid  with  hydrogen  sulfide  in  concentrated  hydrochloric  acid  in  the  presence 
of  sulfurous  add  leads  to  the  formation  of  a  solution  of  polythionic  add  which  corresponds  in  its  composition  to 
heptathionic  acid,  but  which  consists  of  a  mixture  of  octathionic  and  hexathionic  acids. 

2.  Thiosulfuric  add,  hydrogen  sulfide  and  sulfurous  acid  react  almost  quantitatively  in  moderately  dilute 
hydrochloric  acid  to  form  octathioruc  acid. 
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TABLE  5 

Number  of  Sulfur  Atoms 
in  the  Benzidine  Polythion- 
ates  from  Experiments  16-18 


Experiment 

n 

No. 

16 

8.0 

17 

8.02 

18 

8.0 

BEST  COPY  AVAILABLE 


CERTAIN  THERMODYNAMIC  PROPERTIES  OF  SULFUR  IN  LIQUID  IRON-SULFUR  ALLOYS 


SATURATED  WITH  CARBON 
N,  A.  Vatolin  and  O.  A.  Esin 


The  thermodynamic  properties,  in  particular  the  activity,  of  sulfur  dissolved  in  liquid  iron  and  the  influence 
on  it  of  various  elements  (C,  Cu,  Si,  P,  A1  and  others)  have  been  determined  by  a  number  of  investigators  from  data 
of  the  chemical  equilibrium  of  an  alloy  with  the  gaseous  phase  [1].  It  was  discovered  that  the  Fe  —  S  system  is  char¬ 
acterized  by  positive  deviations  from  the  laws  of  ideal  solutions.  Additions  of  carbon  intensify  these  deviations;  this 
is  explained  by  the  appearance  of  a  region  of  stratification  of  the  liquids.  It  turned  out,  for  example  that  at  2.3^  C 
the  coefficient  of  activity  of  sulfur  is  doubled  while  in  alloys  saturated  with  carbon,  it  is  increased  6  times  [2], 


It  was  of  interest  to  follow  the  behavior  of  sulfur  in  alloys  saturated  with  carbon,  in  the  entire  Fe  -  FeS  com 
position  range,  since  no  such  investigations  have  been  carried  out.  With  this  object,  the  method  of  electromotive 
forces,  which  has  thoroughly  proved  its  value  in  sulfide  systems  [3,4]  was  used. 


In  following  this  method,  the  concentration  chain  which  follows  was  set  up 


©  S.  qatutated  I  “Ql  I  '^saturated  ® 

The  content  of  sulfur  at  one  of  the  electrodes  was  varied  from  experiment  to  experiment  from  0.048  to  33^, 
while  it  was  kept  constant  and  equal  to  35*^  S  at  the  other  electrode. 

Alloys  of  varying  composition  were  prepared  from  synthetic  cast  iron  (4.4*^  C,  0.08^  Mn,  0.1*^  Si,  0.03*^  S), 
the  material  of  the  comparison  electrode  was  (35*^  S,  0.r/«  Si,  0.2*^  Mn,  0,15*^  C).  They  were  fused  at  a  temper¬ 
ature  of  1250®  in  a  graphite  crucible  under  a  layer  of  wood  charcoal  while  being  constantly  stirred.  The  concen¬ 
tration  of  carbon  in  the  alloys  containing  up  to  0.71*’^  S,  varied  from  4,5  to  3.5*^  C  and  did  not  markedly  differ  from 
that  calculated  according  to  the  empirical  [5]  formula 

[^]  =  1.19  +  0.002  62 t-[‘7oS]  (1.67-0.001  •  (t-1200)j.  (11 

An  alloy  of  composition:  72®^  SiO^,  17^  Na^O,  9^  CaO,  2*^  NaSj,  served  as  electrolyte.  It  was  obtained  by 
fusing  glass  with  sodium  sulfide  in  a  graphite  crucible.  The  experiments  were  carried  out  at  a  temperature  of  1250®. 
The  electrolyzer  was  made  of  refractory  clay.  The  construction  of  the  electrolyzer  and  also  the  methods  of  the 
measurements  were  similar  to  those  previously  described  [6]. 

Since  the  activity  of  carbon  was  identical  at  both  electrodes,  while  there  were  no  iron  ions  in  the  electrolyte, 
the  only  process  which  determined  the  potential  was  the  conversion  of  sulfur: 


^electrode 


+  2©  =  S* 


electrolyte 


(2) 


In  this  connection  the  electromotive  force  of  the  element  must  be  determined  only  by  the  ratio  of  sulfur  in 
the  alloys: 


2F  ao 


(3) 


the 


to  a 


We  can  .calculate  the  value  of  a5  with  the  aid  of  equation  (3)  if  we  assume  that  in  the  most  dilute  solution 
activity  is  equal  to  the  atomic  fraction  (ag  =  Ng=  0.00072).  Then 

0.00072 

-0.460  =  -E  =  0.1523  log  - g -  (4) 

*S 

The  changes  in  free  energy  during  the  transition  of  a  gram  atom  of  sulfur  from  a  more  concentrated  alloy 
dilute  alloy  is  also  calculated  from  the  observed  values  for  the  electromotive  forces: 

-  AF  -  2' 23060  E.  (5) 


The  results  obtained  are  set  forth  in  Table  1  and  presented  in  the  figure.  It  is  evident  from  the  latter  that 
the  isotherm  of  electromotive  forces  has  3  portions.  At  the  same  time  the  two  receding  curves  cwrespond  to  homo¬ 
geneous  alloy?  while  the  horizontal  branch  corresponds  to  the  stratiflcation  interval. 

The  limits  of  stratification  found  by  us  were  to  0.75  and  27.55^3,  which  is  in  agreement  with  the  data  ob¬ 
tained  by  other  methods.  Thus,  on  the  fusibility  diagram  of  the  system  Fe— S  — C  they  correspond  to  0.8  and  29.5%  S 
[7]  at  1100®. 


TABLE  1 

Dependence  of  the  Electromotive  Force  on  the  Composition  of  the  alloy  at  1250* 

Composititxi  of  the  alloy  Atomic  fraction  |  E  (mV)  j  a^  !  Tg  -  A(caiyg-at.) 

in  by  weight _  Ng  j  i  1 

1  r  C  !  1 _ I _ 


0.048 

4.4 

0.00072 

460 

0.00072 

1.0 

21200 

0.06 

4.4 

0.00090 

450 

0.00084 

0.93 

20750 

0.14 

4.2 

0.0021 

400 

0.0018 

0.84 

18450 

0.31 

4.0 

0.0047 

350 

0.0039 

0.81 

16150 

0.71 

3.3 

0.0111 

2g5 

0.0087 

0.79 

13600 

29.0 

0.2 

0.41 

190 

0.043 

0.104 

8770 

30.0 

0.2 

0.43 

140 

0.091 

0.287 

6460 

33.0 

0.15 

0.46 

60 

0.306 

1.665 

2770 

35.0 

0.15 

0.48 

0 

0.758 

1.57 

0 

Fig.  1.  Dependence  of  the  electromotive  force  on  the  content  of  sulfur 
.in  the  liquid  alloy  Fe -S at  a  temperature  of  1250*.  (The 

abscissa  of  the  left  portion  of  the  curve  is  on  a  different  scale  from  that 
of  the  right. 

It  follows  from  the  data  of  Table  1  that  up  to  the  point  when  stratification  begins,  the  coefficient  of  activity 
of  sulfur  (  7g)  falls  with  increase  in  its  concentration.  Such  a  course  of  the  changes  of  yg  qualitatively  coincides 
with  that  found  by  another  method  for  alloys  of  Fe  -FeS  at  1600*  [1].  However,  in  our  case  the  fall  in  the  activity 
coefficient  occurs  more  rapidly  (from  1  to  0.79  instead  of  0.9).  This  is  due.  probably  to  the  lower  temperature  of 
our  experiments  (1250*). 

The  activity  of  sulfur  (a5)  in  alloys  compares  with  its  greater  content  according  to  the  data  of  Volsky  and 
Agracheva  [8],  The  latter  determined  the  equilibrium  pressure  Ps^  over  solutions  of  FeS  in  Fe  at  a  temperature  of 
1200*. 

Taking  as  standard  state  an  alloy  containing  35^  S,  i.e.,  placing  ag  =  1  for  it,  we  find  the  activity  of  sulfur 
from  their  data  according  to  the  equation 

log  *S  "  T  ^  ^ 

The  activities  calculated  by  this  method  are  compared  in  Table  2  with  those  determined  from  the  electro- 


motive  forces.  The  agreement  is  quite  good,  particularly  if  one  takes  account  of  the  defects  of  both  methods  of 
measurements. 


In  the  last  columns  of  Table  2  the  activity  coefficients  calculated  from  the  formula  proposed  by  Samarin 
and  Shvartsman  [9]  are  presented: 

1 


1-5  Ng) 


(7) 


In  it  and  Ng  are  the  atomic  fractions  of  carbon  and  sulfur.  For  convenience  in  comparing  them  with  yg 
coefficients  obtained  from  the  electromotive  forces,  all  values  are  divided  by  8,7.  The  data  of  Table  2  con¬ 
firm  the  conclusions  of  Samarin  and  Shvartsman  [9],  that  equation  (7)  can  not  be  applied  to  alloys  ccMitaining  more 
than  3*^  carbon. 


TABLE  2 


Comparison  of  ag  and  yg  Calculated  from  Different  Data 


Content  of  S 
(  in*^) 

V  .  _ 

Content  of  S 
(in*^) 

yg*  •  (from 
the  emf) 

7^  cal- 
cnidted  ’ 
according 
to  equation 

(7) 

r.=  -’’s 

Calculated  accord¬ 
ing  to  equation  (6) 

Accord¬ 
ing  to  the 
emf 

8.7 

35 .0' 

1 

1 

0.048 

1.0 

8.7 

1 

33.0 

0.525 

0.404 

0.06 

0,93 

8,78 

1.01 

30.0 

0.144 

0.120 

0.14 

0.84 

6.85 

0.79 

29.0 

0.102 

0.060 

0.30 

0.81 

6.02 

0.69 

0.71 

0.79 

3.85 

0.44 

•  The  standard  state  alloy  contained  35*^  S,  ag  =  1. 

The  standard  state  alloy  contained  0.048^  S  and  4,4*^  C  7s  ~ 


SUMMARY 

1 .  Measurements  of  the  electromotive  forces  of  a  concentrated  element,  the  electrodes  of  which  consisted 
of  liquid  alloys  of  iron  with  sulfur,  saturated  with  carbon,  were  carried  out. 

2.  The  activity  and  activity  coefficients  of  sulfur  in  these  alloys  were  calculated  and  the  change  in  free 
energy  in  the  transition  of  a  gram  atom  of  sulfur  from  one  solution  to  another  was  also  determined. 

3.  The  results  obtained  satisfactorily  agree  with  the  data  found  by  other  methods  ( fu.sibility  digram, 
chemical  equilibria). 
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CALCULATION  OF  THE  VISCOSITY  OF  BINARY  SYSTEMS.  I 


R.  P.  Airapetova  and  R.  I.  Filatova 

In  the  works  of  Panchenkov  [1,2]  a  formula  for  the  dependence  of  viscosity  of  Uquids  on  the  temperature 
is  introduced.  The  author  indicates  that  this  formula  can  be  used  for  finding  the  dependence  of  the  viscosity  of 
mixtures  on  the  composition.  The  formula  of  Panchenkov  has  been  verified  for  a  large  number  of  liquids,  and 
also  for  5  binary  systems  [1,3]. 

We  have  collected  much  experimental  material  on  the  viscosity  of  binary  systems.  It  was  of  interest  to 
investigate  how  the  calculated  values  for  the  viscosity  would  agree  with  our  experimental  data. 

In  the  calculations  of  the  viscosity  of  pure  components  and  their  mixtures  we  used  the  somewhat  modified 
Panchenkov  formula  [1]; 

which  is  more  convenient  in  the  calculations. 

In  the  present  article  the  calculated  values  for  the  viscosity  of  the  system  dichloroethane —  methyl  alcohol 
(Table  1),  dichloroethane—  ethyl  alcohol  (Table  2),  dichloroethane-  propyl  alcohol  (Table  3),  dichloroethane  -  butyl 
alcohol  (Table  4)  and  dichloroethaite-  isoamyl  alcohol  (Table  5)  are  presented. 

The  experimental  data  on  the  viscosity  and  density  of  the  systems  enumerated  .  e  been  published  e- 

Ili  Tables  1-5,  along  with  the  calculated  values  for  the  viscosity,  the  percentage  deviations  of  the  calculated 
viscosity  value  from  the  experimental  value  (Ai)*^),  the  value  of  the  bond  energy  of  a  molecule  of  the  mixture  (E^)  and 
the  logarithm  of  the  constant  Ag,  as  a  function  of  the  composition  of  the  mixture,  are  given. 

For  calculating  the  values  of  log  A^  we  used  the  experimental  data  for  the  viscosity  at  60*  [4],  and  con¬ 
sequently  the  cahculatdd  values  for  the  'viscosity  at  this  temperature  are  not  presented  in  Tables  1-5. 

It  is  evident  from  the  data  of  Table  1.5  that  the  calculated  values  for  the  viscosity  are  in  excellent  agree¬ 
ment  with  the  experimental  data.  The  average  deviation  of  the  experimental  from  the  calculated  values  for  the 
viscosity  is  only  in  excess  of  1*^  in  a  few  cases. 

It  is  of  interest  to  note  that  the  functional  dependence  between  the  bond  energy  of  the  molecules  of  the  mix¬ 
ture  and  the  composition  of  the  mixture  can  be  used  to  construct  a  physico-chemical  analytical  composition -property 
diagram.  The  dependence  of  the  bond  energy  of.  the  molecules  on  the  composition  in  the  system  methyl  alcdiol -di¬ 
chloroethane  (Table  1)  is  expressed  by  a  curve  which  passes  through  a  maximum  (Fig.  1).  The  components  of  this 
system  react  chemically  [4],  which  leads  to  an  increase  in  the  bond  energy  of  the  molecules  and  the  appearance  of 
a  maximum  on  the  curve. 

In  Figure  2,  the  *  bond  energy  -composition"  curves  of  the  system  ethyl  alcohol-  dichloroethane  (curve  I), 
propyl  alcohol-  dichloroethane  (curve  II),  butyl  alcohol-  dichloroethane  (curve  III)  and  isoamyl  alcohol-  dichloro¬ 
ethane  (curve  IV)  are  presented  in  the  form  of  a  single  diagram.  The  compdhents  of  these  systems  do  not  react  chem¬ 
ically  [4].  The  "bond  energy  —  composition"  curves  are  convex  toward  the  abscissa  axis  and  the  convexity  increases 
from  the  system  ethyl  alcdiol  —  dichloroethane  to  the  system  isoamyl  alcdiol  —  dichloroethane.  The  extent  of  associa¬ 
tion  of  the  alcohols  diminishes  in  the  same  sequence. 


SUMMARY 

1.  Viscosity  calculations  for  five  binary  systems  were  carried  out  according  to  Panchenkov’s  formula. 
Excellent  agreement  was  obtained  between  the  calculated  values  for  viscosity  and  the  experimental  data. 
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TABLE  1 


The  System  Methyl  Alcohol  —  Dichloroethane 


CH5OH  (moles 

Viscosity, 

calculated  according  to  Panchenkov's  formula 

Eu  =  2851.3 

^  ■ 

Ec 

log  As 

V  10^ 

An.  ^ 

I.- 10' 

An.  fe 

n  •  10^ 

An. 

0,00 

7,249 

-0,10 

6.423 

+0.63 

5.716 

-0.14 

2197.0 

6  93338 

15.68 

6.732 

+  2.23 

5.895 

+2.13 

5.217 

+  0.93 

2378.8 

6.78193 

23.69 

6.503 

+"1,46 

5.672 

+1.36 

4,999 

+  0.18 

2453,7 

6,72257 

42.17 

6.239 

+  1.86 

5.395 

+1.45 

4.741 

+  0.68 

2579.9 

6,64227 

53.74 

6.014 

-0.30 

5.211 

-0.31 

4.548 

-0.74 

2625.6 

6.61585 

62.21 

5.974 

+  0.64 

5.146 

+1.C2 

4.297 

-0.02 

2643.0 

6.61943 

69,06 

5.821 

-0.05 

5.044 

+0.78 

4.389 

-0.75 

2647,0 

6.G2697 

79.82 

5.665 

-0.54 

4.920 

+0.10 

4.285 

-0.88 

2635.5 

6.66023 

83.93 

5.639 

+  0.39 

4.888 

+0.74 

4.272 

+  0.40 

2625.2 

6.68225 

91.20 

5.513 

+  0.46 

4.777 

+0.32 

4.190 

-0.21 

2599.2 

6.72558 

100.00 

5.228 

-0.02 

4.538 

-0.02 

3.990 

-0.84 

2554,3 

6.78714 

TABLE  2 


The  System  Ethyl  Alcohol  -Dlchlotoethane 


C,H*OH  (in  moles 


Viscosity,  calculated  accoiding  to  Panchenkov's  formula 


30* 


40' 


Ej;j  =  2683.7 


n  •  10*~ 

An 

n-W" 

An  ^0 

n- 10^ 

Ant  ‘fo 

Ec 

log  Aj 

0.00 

7.240 

-0.10 

6.423 

+0.63 

5.716 

-0.14 

2197.0 

6.93338 

6.40 

7.097 

+  2.09 

6.251 

+2.04 

5.559 

+  0.54 

2260.6 

6.88641 

12.15 

6.870 

+  1.34 

6.034 

+1.61 

5.354 

+  0.33 

2319.8 

6.83797 

22.95 

6.699 

+  0.23 

5.834 

+0.81 

5.137 

+  0.26 

2436.7 

6,75712 

32.79 

6.673 

+  0.07 

5.795 

+0.48 

5.102 

-0.25 

2550.5 

6.69244 

39.12 

6.724 

+  0.33 

5.817 

+0.19 

5.086 

-€.33 

2625,3 

6.65371 

47.26 

6.865 

-0.12 

5.865 

-0.51 

5.153 

-0.15 

2726.3 

6.60672 

59.89 

7,239 

-0.17 

6.192 

+0.23 

5.339 

-0.39 

2891.2 

6.54081 

75.20 

7.883 

-0.31 

6.679 

+€.12 

5.694 

-0.51 

3104.5 

6.46804 

88.19 

8.644 

-0.02 

7.360 

-0'.23 

6.227 

-0.84 

3295.8 

6.44623 

100.00 

9.849 

+  0.07 

8.187 

+0.27 

6.881 

-0.58 

3480.8 

6’.38680 

TABLE  3 


/ 


The  System  Propyl  Alcdiol  -  Dichloroethane 


Cj  H7OH  (in  moles 

Viscosity,  calculated  according  to  Panchenkov's  formula 

Ei2  =  2771.0 

CO 

0 

0 

40" 

50" 

Ec 

log  Aj 

n  •  10* 

n*  10® 

An  ■g 

n- 10® 

An  ^ 

0.00 

7,249 

-0.10 

6.423 

+0.63 

5.716 

-0.14 

2197.0 

6.93338 

11.82 

7,049 

+  1.14 

6.175 

+1.41 

5.469 

-0.25 

2347.8 

6.83115 

21.63 

7.153 

+  3.84 

6.237 

+1.23 

5.461 

-0.49 

2496.3 

6,74809 

32.60 

7.392 

+  1.77 

6.385 

+1.46 

5.566 

+  0.43 

2687.7 

6,63714 

55.79 

8.984 

-0.26 

7.578 

+0.20 

6.465 

-0.29 

3176.3 

6.42860 

67.20 

10.324 

-0.15 

8.579 

+0.76 

7.195 

-0.21 

3460.2 

6.31234 

83.60 

13,226 

-0.41 

10.737 

+0.24 

8.857 

-0.17 

3917.5 

6.13535 

100,00 

17.685 

+  0.03 

14.015 

+1.13 

11.277 

-0,02 

4433.5 

7.94092 

2,  A  "bond  energy -composition"  diagram  was  constructed.  The  presence  of  a  maximum  on  the  "bond 
energy-composition"  curve  is  evidence  of  chemical  reaction  of  the  components.  *"  Bond  energy  —  composition" 
curves  which  were  coivex  toward  the  abscissa  axis  indicate  the  absence  of  reaction  of  the  componetits. 


TABLE  ,4 


The  System  n-Butyl  Alcohol—  Dichloroethane 


C4H5OH  (in  moles 

Viscosity,  calculated  according  to  Panchenkov's  formula 

Eu  =  3030.8 

30* 

40* 

0 

0 

0 

Ec 

log  A, 

mam 

wEom 

■BOB 

0.00 

7.249 

-0.10 

6.423 

+0.63 

5.716 

-0.14 

2197.0 

6.93338 

9.69 

7.255 

+  1.60 

6.331 

+2.13 

5.600 

+  0.29 

2366.3 

6.82761 

20.52 

7.507 

+  0.78 

6.521 

+1.50 

5.707 

-0.05 

2569.3 

6.72109 

31.78 

8.150 

+  0,85 

7.014 

+1 .36 

6.074 

+  0.21 

2809.8 

6.60610 

46.83 

9.409 

-0.10 

7.955 

+0.80 

6.743 

-0.71 

3157.8 

6.45067 

56.18 

10.568 

-0.46 

8.824 

+1 .03 

7.449 

+  0.03 

3392.7 

6.35333 

67.68 

12.800 

+  0.66 

10.522 

+1.56 

8.784 

+  0.84 

3701.9 

6.24085 

85.60 

17.408 

-0.18 

13.935 

+1.09 

11.325 

+  0.86 

4225.5 

6.04099 

100.00 

22.586 

+  0.17 

17.634 

+0.26 

13.987 

-0.45 

4685.0 

7.86885 

TABLE  5 


The  system  Isoamyl  Alcohol  —Dichloroethane 


iso 

(in  moles  ‘55>) 

Viscosity,  calculated  according  to  Panchenkov's  formula 

El,  =  3021 .0 

30“ 

40" 

_ 50*  ■  _ _ 

Ec 

log  As 

■EBiyi 

Art  <1o 

All 

0.00 

7.249 

-0.10 

+0.63 

5.716 

-0.14 

2197.0 

6.93338 

12.72 

7.510 

+  1.07 

+1.57 

5.825 

+  0.67 

2453.5 

6.79261 

22.01 

7.954 

-0.20 

6.903 

+0.55 

6.034 

+  0,07 

2640.1 

5.70503 

32.69 

9.150 

+  1.06 

7.819 

+2.22 

6.749 

+  1.48 

2913.1 

6.59189 

43.02 

10.275 

-0.11 

8.669 

+1.04 

7.384 

+  0.26 

3213.3 

6.45055 

57.65 

13.000 

+  0.12 

10.704 

8.923 

+  0.06 

3699.2 

6.23624 

66.39 

15.435 

■gg 

12.492 

+1.58 

10.242 

+  0.96 

4023.0 

6.09717 

80.49 

20.960 

16.417 

+1.39 

13.082 

4599:2 

7.84506 

88.80 

25.046 

■Q 

19.288 

15.083 

4969.8 

7.67478 

100.00 

32.665 

mm 

24.465 

m 

18.650 

5505.5 

7.42849 

j. 
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INVESTIGATION  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 


LIV.  THE  ORDER  OF  ADDITION  OF  HYPOBROMOU3  ACID  TO  VINYLALKYLACETYLENES. 

SYNTHESIS  AND  PROPERTIES  OF  a  -OXIDES  OF  VINYLACETYLENES 

A .  A  Petrov 

It  was  shown  in  the  preceding  articles  that  bromine  [1]  and  alkylhypohalogenites  [2]  add  to  vinylalkyl- 
icetylenes  at  the  double  bond.  The  triple  bond  practically  does  not  enter  into  the  reaction  and  1,4 -addition 
does  not  occur.  The  substances  obtained  were  used  for  the  synthesis  of  enyne  halogen  derivatives,  acetylenic 
ketones  and  their  enolic  ethers. 

It  can  .be  assumed  that  the  same  order  of  addition  ''ill  be  observed  in  the  addition  to  vinylalkylacety- 

Jenes  of  hypohaiogen  a.cids,  V/ith  the  object  of  estabUshin,^:  the  orjier.of  ad^itiori  of  hypobrorpous  acid  tQ  vinyl- 
‘aikylacetylepes.  we  investigated  the  reaction  bfVinylmethVl-  and  viriyiethylacetylene  with  an  aqueous  solution 
of  bromoacet amide  P].  •  i  .  - 

Vinylalkyiacetylenes  can  add  HOBr  v.ith  the  formation  of  six  substances::  three  of  these  are  alcohols  and 
three  ketones.. 

R_C=C-CH(OH)-CH,Br  (I) 

R-CsC-CHBr-CH,OH  (II) 

R-CBr  =  C(OH)-CH  =  CI^ — -  — >  R-CHBr-CO-CH  =  CH,  (III) 

R-C(OH)  =  CBr-CH  =  CH2  - R- CO  -  CHBr -CH  =  CH,  (IV). 

R-CBr  =  C  =  CH-CH20H  (V) 

R-C(OH)=C  =  CH-CH2Br  - ►  R-CO -CH  =  CH-CH,Bt  (VI). 

The  addition  products  of  HOBr  actually  obtained  boiled  in  a  narrow  temperature  range  and  had  the  following 
chemical  properties, 

1.  They  yielded  acetates  as  a  result  of  the  action  of  acetic  anhydride.  Thus,  they  consisted  of  alcohols  and 
not  of  ketones  and,  consequently,  formulas  (111)  (IV)  and  (VI)  are  excluded. 

2.  Upon  distillation  over  KOH  they  yielded  a -oxides  of  vinylalkyiacetylenes.  This  conversion  forces  us 

to  reject  all  the  possible  forrrulas  for  the  bromohydrins  except  (I)  and  (II).  The  second  formula’  was  very  slightlypro- 
bable,  since  such  an  order  of  addition  has  never  been  observed  for  HOBr.  A  bromohydrin  with  a  formula  similar  to 
(II)  was  obtained  by  the  addition  of  hydrogen  bromide  to  the  a  -oxide  of  vinylmethylacetylene.  It  was  markedly 
different  from  the  addition  product  of  HOBr  to  vinylmethylacetylene  in  its  index  of  refraction. 

Thus,  it  was  established  that  hypobromous  acid  adds  to  vinylalkylacetylene  at  the  double  bond  with  formation 
of  the  bromohydrins  (I). 

This  experimental  fact  is  of  interest  from  two  points  of  view.  In  the  first  place,  it  is  once  more  evidence  of 
the  presence  of  displacement  of  electrons  in  the  molecules  of  vinylalkyiacetylenes  under  the  influence  of  alkyl 
radicals  toward  the  double  bond  which  consequently  becomes  more  reactive.  In  the  second  place,  it  discloses  the 
route  to  the  simple  preparation  of  acetylenic  oxides  which  have  hitherto  been  hard-to-obtain  substances. 

Only  the  first  representative  of  the  homologous  series  of  acetylenic  oxides  of  this  type  with  normal  structure 
was  known  [4],  We  have  prepared  the  next  two  homologs. 

The  constants  of  a  number  of  previously  known  acetylenic  oxides  which  were  described  in  the  present  work 
are  presented  in  the  table. 

It  is  evident  from  the  table  that  the  character  of  substitution  in  this  oxide  series  markedly  influences  the 
constants.  Oxides  with  a  normal  carbon  atom  chain  have  a  considerably  higher  boiling  point  in  comparison  with 
isomers  with  a  branched  structure  and  with  their  normal  saturated  analogs  (  the  oxide  CH,— pH -CH,  — CH,  boils 

.. 

at  .‘SB, 5-59’  [11  the  oxide  CH2-CH-CH2-CH,-"GH2-CH3  at  123-124*  [8).  They  also  differ  in  the  con¬ 
i'  r  ,•  i ’e  c!nq/i'.:  1 

siderably  greater  indexes  of  refraction  and  specific  gravities.  The  values  of  the  molecular  refraction  found  for  them 
exceed  the  calculated  values  to  a  greater  extent  than  in  the  case  of  unsubstituted  oxides  and  oxides  with  a  branched 
structure. 


Substance 

I  Boiling  point 

i 

1 

1 

i  Found  i  Calculated 

Cft-jCH-CiECH[4] 

1 

00 

o> 

1 

00 

• 

0.945  (23*)  1 

1.427 

18.50  ! 

j 

!  18.11 

Gft^CH-CsC-Cl^ 

'  1 

125.5-126.5  j 

i 

0.9499 

1.4542 

23.41 

1 

22.73 

c;^^ch,)-C3CH  [5] 

91-91.5 

0.8939  (18*) 

1.4205 

23.27 

1  22.73 

C|^^H  -cac  -Cl%  -CH, 

142-143 

0.9182 

1.4530 

28.30 

27.35 

Gt^(Cl^)-CaC  -CH,  [6] 

40  -41  (22  mm) 

0.9264  (9") 

1.4461 

1 

27.70 

1 

27.60 

Of  the  chemical  properties  of  the  oxides  obtained  by  us  we  investigated  the  addition  of  water,  methyl  alco¬ 
hol  and  hydrogen  bromide  to  methylacetylenylethyleneoxide. 

The  additicHi  of  water  proceeds  very  readily  —  upon  heating  for  3  hours  to  100*. 

Acccxding  to  the  literature  data  acetylenylethylene  oxide  requires  heating  at  that  same  temperature  for  20 
hours  for  conversion  into  the  glycol  [4],  The  glycol  thereby  formed  is  a  crystalline  substance  with  a  higher  melting 
point  (56-57*)  than  that  of  the  unsubstituted  glycol  (39.5-40.5*)  [4]. 

In  exactly  the  same  way  the  reacticm  of  the  oxide  under  investigation  with  methyl  alcohol  in  the  presence  of 
<.ne  etherate  of  boron  fluoride  proceeds  very  readily.  In  accordance  with  the  previously  established  rule  of  addition  of 
alcohols  to  unsaturated  oxides  in  the  presence  of  BFj  [9],  which  was  confirmed  for  acetylenic  oxides  by  Perveev  [10], 
the  glycol  ether  obtained  was  assigned  the  structure  of  a  primary  alcohol. 

As  a  result  of  the  addition  to  the  same  oxide  of  hydrogen  bromide,  a  bromohydrin  was  obtained  which  was 
isomeric  with  that  fcKmed  by  the  action  of  HOBr  on  vinyl -methylacetylene  [11].  In  comparison  with  the  latter  it  was 
considerably  more  readily  aceiylated,  which  was  an  extra  indicatioi  of  the  primary  character  of  the  hydroxyl  group. 

The  conversions  described  in  the  present  article  are  presented  in  the  followii^  scheme: 

R-C3C-CH=CH 

I  HOBr 

R-CBr=CBr-CH(OH)-CH2Br  R-C3C-CH(OH)-CH,Br  R-C^-CH(OCOCH5)-Cl^Bt 

I  KOH 

R-CsC-CH(OH)-CH,OH  R-C^-CH-Cl^ R-C^C -CH(OCH,)-CH,OH 

1^  bf, 

Ihb? 

R-C^  -CHBr  -CHjOH 
i(Cl%CO)fcO 

R -CsC -CHBr -Cl^OCOCHj 

EXPERIMENTAL 

1.  Preparation  and  Properties  of  the  Bromohydrins 

Vinylmethylacetylene  (90  g,  a  double  excess)  was  ^aken  for  a  duration  of  30  minutes  with  bromoacetamide 
acidified  with  t%SQ|  which  contained  0.72  moles  of  this  substance  in  1  liter.  The  bromoacetamide  solution  was  pre¬ 
liminarily  cooled  until  considerable  quantities  of  ice  formed. 

The  bromohydrin  was  extracted  with  ether  from  the  aqueous  solution  (after  its  filtration  through  cotton  and 
saturation  with  sodium  chloride).  The  bromohydrin  was  extracted  from  the  oil  (after  distilling  off  the  excess  hydro¬ 
carbon  and  concentrating  to  a  small  volume)  initially  with  water  and  then  from  the  water  with  ether.  The  quantity 
of  insoluble  products  (bromides,  probably)  proved  to  be  negligible  (4  g).  About  6.5  g  of  the  bromohydrin  dissolved  in 
100  ml  of  water. 


Upon  vacuum  distillation  the  substance  almost  entiiely  passed  over  at  a  constant  temperature.  The  yield 
of  pure  substance  amounted  to  about  82  g  (70*^).  The  residue  from  the  distillation  was  6  g  (a  resinified  mass). 

B,  p.  89.5“  at  10  mm,  103-103.5“  at  20  mm;  4°  1.5124;  1.5172;  MRd  32.62.  CjHtOBt  F  .  Calculated 

32,48. 

0.1420  g  sub.:  0.1634  g  AgBr.  0.1348  g  sub.;  13.28  g  benzene;  At  0.315“.  Found  Bx  48.97.  M  163.2. 
CsHtOBx.  Calculated  ^  :  Br  49.03.  M  163.0. 

The  bromohydrin  of  vinylethylacetylene  was  obtained  in  a  yield  of  40*^  by  the  same  method. 

B.  p,  96.5-97“  at  10  mm;  108-108.5“  at  20  mm;  4°  1.4071;  n^  1.5070;  MRj)  37.45.  C^OBr  F.  Calculated 

37.20. 

0.1268  g  sub.:  0.1346  g  AgBr,  Found  :  Br  45.17.  CgH^OBr.  Calculated :  Br  45.14, 

Both  bromohydrins  were  converted  into  the  acetates  (yield  85^)  by  the  action  of  a  50*’^  excess  of  acetic  anhy¬ 
dride  and  1  drop  of  H2SO4. 

The  following  constants  were  found  for  the  acetate  of  the  bromohydrin  of  vinylmethylacetylene; 

B.  p.  98“  at  10  mm;  112.5-113“  at  20  mm;  (f*  1.3970;  1.4864;  42.17.  C^HgC^Br  p.  Calculated 

41.84. 

0.1656  g  sub.:  0.1527  g  AgBr.  Found  ;  Br  39.24.  CyHgOjtBr.  Calculated^:  Br  39.06. 

The  following  constants  were  found  for  the  acetate  of  the  bromohydrin  of  vinylethylacetylene: 

B.p.  104.5-105“  at  10  mm;4®  1.3267;  n®  1.4820;  MRp  47.08.  C,Hu(\Br  p.  Calculated  46.56. 

0.1428  g  sub.:  0.1238  g  AgBr.  Found  :  Br  36.89.  C,%0^Br.  Calculated*^:  Br  36.48. 

l,3,4-Tribromopenten-3-ol-2  was  obtained  in  a  yield  of  88*^  by  the  action  of  the  calculated  quantity  of 
bromine  in  chloroform  on  the  bromohydrin  of  vinylmethylacetylene. 

B.p.  135.5“  at  8  mm;  139.5“  at  10  mm;  cj®  2.2090;  1.5918;  MRj)  49.44.  CsHtOBt,.  Calculated  50.31. 

0,1744  g  sub.;  0,3046  g  AgBr.  Found‘d;  Br  74.32.  CsH-jOBrj.  Calculated  :  Br  74.26. 

2.  Preparation  and  Properties  of  the  Oxides  of  Vinylalkylacetylenes 

The  oxides  of  vinylalkylacetylenes  were  prepared  by  distilling  the  bromohydrins  or  their  acetates  over  con¬ 
centrated  KOH.  The  substances  were  introduced  in  the  form  of  drops  into  the  heated  alkali  while  the  distillate  was 
being  continuously  distilled  off.  The  yield  of  oxides  amounted  to  around  85*^.  The  constants  are  given  in  the  table. 

The  following  constants  were  found  for  the  oxide  of  vinylmethylacetylene; 

0.1663  g  sub.:  0.4467  g  CC^;  0.1163  g  HjO.  Found  :  C  73.30;  H  7.86;  C5H4O.  Calculated  I0  :  C  73,14; 

H  7.37. 

The  following  constants  were  found  for  the  oxide  of  vinylethylacetylene: 

0.1810  g  sub.:  0.4956  g  COkj;  0.1365  g  HjO.  Found‘d;  C  74.72;  H  8.44.  C^O.  Calculated  ^  :  C74.96; 

H  8.39, 

The  glycol  was  obtained  by  heating  the  oxide  of  vinylmethylacetylene  with  a  5-fold  quantity  of  water  in  a 
sealed  glass  tube  at  100°  for  3  hours.  The  latter  was  separated  from  water  by  salting  it  out  with  potash,  was  dissolved 
in  ether,  and  the  ethereal  solution  was  dried  with  roasted  potash.  The  yield  of  glycol  amounted  to  60*^. 

M.p.  56-57“  (from  benzene)  b.p.  111.5-112.5*  at  8  mm. 

0.1606  g  sub.:  0.3531  g  CO^;  0.1163  g  H,0.  Found  C  60.01;  H  8.10.  CjHgO^.  Calculated*^:  C  59.98; 

H  8.06 

The  glycol  consisted  of  colorless  crystals,  quite  soluble  in  alcohol  and  ether,  more  poorly  soluble  in  chloro¬ 
form  and  difficultly  soluble  in  cold  benzene. 

EvoluticMi  of  heat  was  observed  during  the  action  on  a  solution  of  6  g  of  the  oxide  in  50  ml  of  methyl  alco¬ 
hol  of  1  drop  of  the  etherate  of  boron  fluoride.  After  standing  for  5  hours  the  liquid  was  neutralized  with  solid  KOH 
and  subjected  to  distillation,  initially  at  ordinary  pressure  and  then  in  a  vacuum.  The  yield  of  the  mcmoether  of  the 
glycol  amounted  to  6  g  (72^). 
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B.p,  72.5*  at  10  mm;  84-84,5*  at  20  mm;  0.9925;  1.4572;  MRp  31.33.  CeHjoOi  p.  Calculated  31,07. 

0.1623  g  sub,;  0,3773  g  CO^;  0.1307  g  H,0.  0.0778  g  sub.:  0.1606  g  Agl  (according  to  Zeisel’s  method).  Found 
C  63.44;  H  9.01;  OCI^  27.28.  CgHuO^.  Calculated®^:  C  63.13;  H  8.83;  OCH,  27.13. 

By  the  careful  addition  of  the  oxide  to  concentrated  hydrobromic  acid  a  bromohydrin  was  obtained  in  a  yield  of 
about  70^  which  was  isomeric  with  that  obtained  from  the  hydrocarbon. 

B.p.  88.5-89“  at  10  mm;  102-103*  at  20  mm;  ^  1.5120;  1.5312;  MRj)  33.37.  CjM^OBr.  Calculated  32.46. 

0.1418  g  sub.:  0,1641  g  AgBr.  Found  *!*» :  Br  49.25,  CgHTOBr.  Calculated®^:  Br  49.03. 

When  a  solution  of  this  bromohydrin  in  acetic  anhydride  was  let  stand,  a  reaction,  notable  for  the  evolution  of 
heat,  began  without  the  addition  of  acid. 

The  acetate  of  this  bromohydrin  had  the  following  properties: 

B.p.  97-97.5*  at  10  mm;  111.5-112“  at  20  mm;  <§®  1.3956;  n^  1.4938;  MRq  42.76.  C7H90^Br  p.  Calculated 

41.84. 

0.1610  g  sub,:  0.1484  g  AgBr,  Found  ^  :  Br  39,22.  CyKjO^Br.  Calculated®^  :  Br  39.06. 

The  oxide  of  vinylmethylacetylene,  described  above,  was  obtained  by  distilling  this  bromohydrin  or  its  acetate 
over  KOH, 

SUMMARY 

1.  The  order  of  addition  of  hypobromous  acid  to  vinylmethyl-  and  vinylethyl -acetylenes  was  investigated.  It 
was  established  that  the  addition  proceeds  at  the  ethylenic  bond.  The  corresponding  bromohydrins,  their  acetates  and 
the  bromide  were  isolated  and  characterized. 

2.  The  oxides  of  vinylmethyl-  and  vinylethylacetylenes  were  obtained  for  the  first  time  by  the  action  of  caus¬ 
tic  alkali  on  the  bromohydrins.  The  hydration  of  the  hrst  oxide  and  the  addition  of  methyl  alcohol  and  of  hydrogen 
bromide  were  investigated. 
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INVESTIGATIONS  IN  THE  FIELD  OF  ALCOHOL  OXIDES  (OXIDOLS) 


IV,  PROPERTIES  OF  THE  a  -OXIDES  OF  ALLYL  AND  PROPENYL  DERIVATIVES  OF  PHENOL  AND  o-CRESOL 
V.  I.  Pansevich -Kolyada  and  Z.  B.  Idelchik 


The  unique  properties  of  a, 6 -alcohol  oxides,  which  are  doubtless  due  to  the  presence  in  their  structure  of  two 
functional  groups  bound  to  neighboring  carbon  ato.,iS,  were  established  by  the  preceding  investigations  [1,2.3]  of 
these  compounds.  It  was  also  shown  that  the  behavior  of  the  oxide  ring  of  these  substances  in  chemical  reactions  is 
to  a  considerable  extent  dependent  on  the  radicals  adjacent  to  the  oxide  carbon  atoms. 

A  general  property  of  all  the  oxidols  investigated  by  us  appears  to  be  their  acetylation  at  the  hydroxyl  group 
upon  heating  with  acetic  anhydride  and  the  formation  of  oxidoacetates  due  to  the  preservation  of  the  oxide  ring.  A 
certain  difference  between  the  oxidols  of  the  aliphatic  series  and  those  with  aromatic  radicals  is  observed  in  the  react¬ 
ion  with  anhydrous  zinc  chloride.  Upon  heating  with  fused  zinc  chloride,  oxidols  of  the  fatty  series  are  cleaved  at 
the  bond  between  carbon  atoms  2  and  3  with  formation  of  aldehydes  and  ketones: 


'^H-CHO+  R-CO- 


R. 


An  oxidol  with  a  phenyl  radical  at  the  tertiary  alcoholic  group,  2-methyl-4-phenyloxido-2,3-pentanol-4  [1] 
proves  to  be  very  unstable  and  is  cleaved  into  acetophenone  and  isobutyraldehyde  upon  being  kept  in  a  deslccatcx 
over  H2SO4,  P2O5  or  CaClj  at  room  temperature.  The  oxidol  2-methyl -4-benzyloxido-2,3-pentanol-4  [3],  in  which 
the  phenyl  radical  is  separated  from  the  tertiary  alcoholic  group  by  a  Cl%  group,  is  isomerized  into  the  unsaturated 
glycol  2-methyl-4-benzylpenten-2-dibl-3,4  by  the  action  of  zinc  chloride  and  dilute  sulfuric  acid  .while  on  heating 
with  an  aqueous  solution  of  ammonia  it  yielded  the  aminodiol  2-methyl-4-benzyl-3-aminopentadiol-2.4. 

It  was  established  that  2-methyl-4-benzyloxido-2,3-pentanol-4  and  the  unsaturated  glycol  ate  capable  of  mu¬ 
tual  interConVersion  which  proceeds  with  disruption  and  reduction  of  the  oxide  ring.  These  conversions  appear  to  be 
a  hitherto  unobserved  form  of  tautomerism  which  we  call  oxidoenolic  tautomerism. 

In  the  present  work  the  study  of  a  -oxides  of  allyl  and  propenyl  derivatives  of  phenol  and  o-cresol  is  carried 
out;  it  turned  out  in  the  course  of  this  work  that  the  properties  of  the  oxide  ring  of  these  compounds  are  no  less  in¬ 
teresting  and  unique  than  those  of  the  previously  studied  oxidols.and  iire  determined  to  a  considerable  extent  by  the 
distance  of  the  oxide  ring  from  the  benzene  ring. 

We  synthesized  the  allyl  ethers  of  phenol  and  o-cresol  by  the  Claisen  reaction  [4,9];  o-allylphenol  and  o- 
allyl -o-cresol  were  obtained  via  the  rearrangement  of  these  ethers.  o-Propenylphenol  and  o-propeityl -o-cresol  were 
obtained  by  the  isomerization  of  o-allylphenol  and  o-allyl -o-cresol. 


The  allyl  and  propenyl  derivatives  of  phenol  and  o-cresol  were  oxidized  by  peroxyacetic  acid  and  for  all,  ex¬ 
cept  the  allyl  ether  of  o-cresol,  the  corresponding  oxides  were  obtained: 


-0-CHi-CH-CHa 


.H  V 

00) 


aCH-CH-CHa 

hV 


The  oxide  of  the  allyl  ether  of  o-cresol  (II)  proved  to  be  a  very  unstable  compound  and  on  vacuum  distillation 
was  almost  entirely  split  with  recovery  of  o-cresol,  while  only  an  insignificant  portion  of  the  substance  had  data  close 
to  those  calculated  for  the  oxide  of  the  allyl  ether  of  o-cresol. 

Upon  bailing  the  oxides  of  o-allylphenol  (III)  and  o-allyV-o-cresol  (V)  with  acetic  anhydride,  acetylation,  simi¬ 
lar  to  that  previously  studied  for  alcohol  oxides  [2,3],  proceeded  at  the  phenolic  hydroxyl  group  with  retention  of  the 
oxide  ring;  the  oxidoacetates  (VII)  and  (VIII)  were  thereby  obtained: 


r 


—  CHt-CH-CH, 

' 

U  ° 

O-CO-CH, 

(VII) 


r-  CH,  -  CH  -  CH- 

V 

—  O-CO-CHj 
(VIII) 


o -Oxides  are  isomerized  under  the  action  of  zinc  chloride,  as  is  well  known  [5],  depending  on  the  location  of 
the  oxide  ring  in  the  aldehyde  or  ketone.  The  behavior  toward  this  reagent  of  a  ,B  -alcohol  oxides  is  identical,  as 
indicated  above,  and  depends  on  the  radicals  adjacent  to  the  oxide  carbon  atoms.  In  contrast  to  tiese  substances,  the 
oxide  of  o-allylphenol  (III)  remains  unchanged  on  heating  with  anhydrous  zinc  chloride. 

The  oxides  of  o-propenylphenol  (IV)  and  o-propenyl -o-cresol  (VI)  are  quite  different  from  all  the  oxidols  pre¬ 
viously  studied  by  us.  These  substances  are  not  appreciably  changed  in  air;  however  when  kept  in  a  desiccator  over 
sulfuric  acid  at  room  temperature  the  formation  of  cumarone  derivatives  occurred,  respectively:  2-methylcumarone 
(IX)  and  2,7-dimethylcumarone  (X): 


A— CH 


C-OHa 


i 

YY 

CHjCX) 


-CH- 


The  formation  of  cumarone  derivatives  from  the  oxidophenols  (IV)  and  (VI)  is  possible  only  via  the  preliminary 
conversion  of  the  oxidophenols  into  the  unsaturated  phenoloalcohols  (XI)  which,  eliminate  a  molecule  of  water  simi¬ 
larly  to  the  1,4 -glycols  [7],  and  yield  cumarone  derivatives  ; 


/\-CH-CH-CH3 

I  ^ 

R 


tl 

C-CMa 

^OH 
1  OH 
R 

(XI) 


A— CH 


Y 


C-CHa 

RsH  oW  CHj 


v\/ 

o 


On  boiling  the  oxide  of  o-propenyl-o-cresol  (VI)  with  acetic  anhydride,  dehydration  and  formation  of  2,7- 
dimethylcumarone  (X)  also  occurred.  It  is  necessary  to  assume  that  the  behavior  of  the  oxide  of  o-propenylphenol 
(IV)  with  acetic  anhydride  will  be  the  same,  but  on  account  of  the  absence  of  the  substance  we  cannot  establish 
this. 

The  conversion  of  the  oxidophenols  (IV)  and  (VI)  into  the  cumarone  derivatives  (IX)  and  (X)  can  be  explained 
by  the  presence  of  oxidoenolic  tautomerism  [3]  and  in  its  turn  serves  to  confirm  it. 

The  oxides  of  o-propenylphenol  (IV)  and  o-propenyl-o-cresol  (VI)  are  in  equilibrium  with  their  enolic  form 
(XI).  When  they  are  kept  in  air,  the  equilibrium  Is  displaced  toward  the  oxido  form.  In  the  presence  of  dehydrating 
substances  the  equilibrium  is  displaced  toward  the  enol  form  due  to  the  consumption  of  the  enol  in  the  formation  of 
a  furan  ring.  The  readiness  with  which  the  furan  ring  is  framed  is  explained  by  the  1,4 -position  of  the  enolic  hy- 
droxylic  groups  which  are  close  together  when  the  double  braids  are  formed. 

The  quantity  of  hydroxyl  groups,  determined  by  Tserevitinov’s  method  in  the  oxide  of  o-propenyl-o-cresol, 
which  is  a  liquid  substance,  was  found  to  be  1.14  greater  than  the  calculated  value,  which  also  serves  as  a  con¬ 
firmation  of  the  presence  of  the  enol  fram  together  with  the  oxide. 

Thus,  the  properties  of  the  a  -oxides  of  allyl  and  propenyl  derivatives  of  phenols  are  identical  and  also  differ 
from  the  {xoperties  of  a, 6 -alcohol  oxides.  In  allylphenol  oxides  the  oxide  ring  is  passive  and  remains  unchanged  by 


the  action  not  only  of  acetic  anhydride,  but  also  of  zinc  chloride.  The  oxide  ring  of  the  oxides  of  the  o-propenyl- 
phenols  is  very  stable  due  to  the  presence  in  it  of  the  phenyl  radical  and  the  oxides  of  o-propenylphenols  are  capable 
of  being  converted  into  their  unsaturated  tautomeric  enols  with  a  hydroxyl  group  at  the  double  bond.  Under  suitable 
conditions  the  enols  formed  readily  eliminate  a  molecule  of  water,  due  to  the  hydroxyl  groups  of  the  enol  and  phenol 
and  yield  cumarone  derivatives. 


EXPERIMENTAL 

Oxidation  of  the  Allyl  Ether  of  Phenol  with  Peroxyacetic  Acid 

The  allyl  ether  of  phenol  was  prepared  by  heating  a  mixture  of  phenol  with  allyl  bromide  and  anhydrous  potash 
in  acetcMie  [4], 

B.p.  82*(10  mm):  1.5193;  0.9796;  MRp  41.54;  Calculated  41.35. 

15.5  g  of  73^  peroxyacetic  acid  was  slowly  added  to  20  g  of  allyl  ether  in  40  ml  of  dry  ether.  The  oxidation 
proceeded  slowly  without  evolution  of  heat  or  change  in  the  color  of  the  reaction  mixture.  After  22  days  all  the 
peroxyacetic  acid  had  reacted  and  consequently  the  acetic  acid  was  neturalized  with  soda,  the  reaction  products  were 
extracted  with  ether,  dried  with  MgS04  and  vacuum  distilled,  6  g  of  substance  (1)  with  a  b.p.  of  101-105“  (4.5  mm) 
was  isolated.  This  was  a  mobile  yellow  colored  liquid  with  the  odor  of  tobacco. 

n^  1.5311;  1.1145;  MRd  41.63;  Calculated  40.68. 

0.2456  g  sub.;  0.6453  g  CO^;  0.1513  g  HjO.  0,1496,  0.2889  g  sub.;  21.08  g  benzene;  At  0.254,  0.462*.  Found 
C  72.10;  H  6.89;  M  143.4,  147.7.  CgHioO^.  Calculated*^;  C  72,0;  H  6.66;  M  150.  It  contained  no  active  hydro¬ 
gen. 

Oxidation  of  o  -  Allylphenol  with  Peroxyacetic  Acid 

o  -  Allylphenol  was  prepared  by  boiling  the  allyl  ether  of  phenol  in  a  stream  of  carbon  dioxide  [4]. 

B.p.  97-98“  (8  mm);  1.5440;  eg®  1.0210;  MRd  41.48;  calculated  41.22.  Found OH  12.27.  Calculated‘S; 
OH  12.68. 

26  g  of  93*^  peroxyacetic  acid  was  slowly  added  to  42  g  of  o-allylphenol  in  84  ml  of  dry  ether.  The  oxidation 
proceeded  with  evolution  of  heat;  the  temperature  of  the  mixture  was  maintained  at  20-25“.  The  color  of  the  react¬ 
ing  substances  became  orange.  After  3  days  the  peroxyacetic  acid  had  reacted.  The  oxidation  products  were  treated, 
as  indicated  above,  dried  with  MgS04  and  vacuum  distilled.  19.3  g  of  substance  (Ill)  with  a  b.p.  of  154*  (15  mm^  was 
obtained.  It  was  a  mobile,  odorless  ffght  orange  liquid  which  contained  active  hydrogen. 

1.5558;  <g®  1.1795;  MRd  40.88;  calculated 40.56. 

0.2245  g  sub.;  0.5892  g  COkj;  0.1358  g  1^0.  0.2473  g  sub.;  37.92  ml  014^(0*.  760  mm).  0.1486  g  sub.;  16.11  g 
benzene;  At  0.312*.  Found  “S;  C  71.6;  H  6.83;  OH  11.71;  M  151.9.  C,HioO^.  Calculated'S;  C  72.00;  H  6.66; 

OH  11.33;  M150. 

Reaction  of  the  Oxide  of  o- Allylphenol  with  Acetic  Anhydride 

2  g  of  the  oxide  was  boiled  for  4  hours  with  10  g  of  acetic  anhydride.  The  acetic  anhydride  was  eliminated  and 
the  reaction  products  were  vacuum  distilled.  1.5  g  of  a  colorless  mobile  liquid  (VII)  with  a  sht^p  odor  was  isolated. 

B.p.  142-143“  (8  mm);  ig5  1.5220;  (g®  1.1550;  MRd  50.71;  calculated  49.92. 

0.1988  g  sub.;  0.5003  g  CO^-.  0.1128  g  H,0.  0.0965,  0.2124  g  sub.;  17.19  g  benzene.  At  0.159,  0.352*.  Found  ‘S; 
C  68,63;  H  6.3;  M  181.5;  180.42,  C^xH^O^.  Calculated'S;  C  68.75;  H  6.25;  M  192.  (Active  hydrogen  was  absent). 

The  Action  of  Zinc  Chloride  on  the  Oxide  of  o -Allylphenol 

1.5  g  of  finely  divided  anhydrous  zinc  chloride  was  added  to  5.5  g  of  oxidophenol  in  25  ml  of  dry  ether  and  the 
mixture  was  heated  for  1.5  hours  on  a  boiling  water  bath.  After  eliminating  the  ether  the  substance  was  vacuum  dis¬ 
tilled.  3  g  of  substance  was  obtained;  the  carbonyl  group  was  absent. 

B.p.  133.5*  (7  mm);  1.5580;  (g®  1.1780;  MRd  40.37;  calculated  40.56. 

The  oxide  of  o-allylphenol  was  recovered  without  change. 


Oxidation  of  o -Propeny Iphenol  with  Peroxyacetic  Acid 
o-Propenylphenol  was  prepared  by  isomerizing  o-allylphenol  [6]. 


B.p.  154*(21  mm);  m.p.  33-34“.  Found  :  C  80.78;  H  7.68.  Calculated :  C  80.6;  H  7.49. 

17.8  g  of  73*^  peroxyacetic  acid  was  slowly  added  to  23  g  of  o-p>ropenylphenol ,  dissolved  in  46  ml  of  dry  ether. 
The  oxidation  proceeded  with  evolution  of  heat;  the  temperature  was  maintained  at  20-25!  The  contents  of  the  flask 
acquired  an  orange  color  toward  the  end  of  the  oxidation.  After  two  days  there  was  no  peroxide  present .  The  prod  - 
ucts  of  the  reaction  were  treated,  as  indicated  above,  with  dried  MgSQ^  and,  after  distilling  off  the  ether,  were 
vacuum  distilled.  15  g  of  a  substance  was  obtained  which  boiled  at  147-148®  (10  mm).  After  some  time  the  sub  - 
stance  crystallized  as.  white  needles,  readily  soluble  in  ethei;,  alcohol,  chloroform,  and  benzene,  and  poorly  soluble  in 
petroleum  ether.  Ttiey  were  recrystallized  from  the  latter  and  14  g  of  coarse  flakes  with  a  m.p.  of  58-59®  was  ob¬ 
tained.  The  substance  (IV)  contained  active  hydrogen. 

0.1158  g  sub.:  0.3054  g  CO^;  0.0696  g  HjO.  0.0893  g  sub.;  15.02  ml  CH*  (22®  746  mm).  0.1479  g  sub.;  17.89  g 
benzene:  At  0.273®.  Found*?:  C  71.92;  H  6.75;  OH  11 .32;  M  155.6.  CjHioOi.  Calculated*^:  C  72.0;  H  6,66; 

OH  11.3;  M150. 

Upon  keeping  this  crystalline  substance  in  a  desiccator  over  sulfuric  acid  overnight  an  oily,  dirty-yellow  colored 
liquid  with  the  odor  of  toluene  was  formed.  By  fractionally  distilling  the  liquid  ,  substance  (IX)  with  a  b.p.  of 

76  -77®  (8  mm)  was  formed  which  did  not  contain  active  hydrogen. 

1.5580;  df  1.0581;  MI^  39.31;  calculated  39.34. 

0.1540  g  sub.;  0.4635  g  CO^;  0.0844  g  HjO.  0.0894,  0.1955  g  sub.:  1974  g  benzene:  At  0.186,  0.399®.  Found  *^; 
C  82.08;  H6.13;  M  125.2,  127.8.  CjHgO.  Calculated ‘!^)  :  C  81.80;  H  6.60;  M  132. 

From  the  substancewith  b.p.  76-77*  (8  mm)  ^  plcrate  was  formed  W.hich  melthd.ai  74-79  and  was  cleaved 
in  a  desiccator  orer  sulfnnc  acid  into  picric  acid  and  methylcumarone;  this  is  in  agreement  with  the  literature  data 
for  methylcumarone  picrate  [8]. 

Oxidation  of  the  Allyl  Ether  of  o  -Cresol  with  Peroxyacetic  Acid 

The  allyl  ether  of  o -cresol  was  prepared  by  the  method  described  for  the  preparation  of  the  allyl  ether  of  phenol 
[4,9].  It  boiled  at  76-77®  (4  mm). 

n^  1.5190;  (5®  0.9658;  MR^  46.47;  calculated  45.95.  No  active  hydrogen  was  contained  in  the  substance, 

15.6  g  of  65*^  peroxyacetic  acid  was  added  to  20  g  of  the  allyl  ether  of  o-cresol  in  40  ml  of  anhydrous  ether. 

No  evolution  of  heat  occurred;  however  the  reaction  mixture  acquired  a  straw -yellow  color.  After  22  days  no  perox¬ 
ide  was  present  in  the  mixture.  The  reaction  products  were  treated  analogously  to  those  in  the  preceding  experiments. 

Upon  fractional  distillation  of  the  oxidation  products  at  8,5  mm,  the  bulk  distilled  over  at  82-84®.  This  proved 
to  be  o-cresol.  The  arylglycolic  acid  obtained  from  it  had  a  m.p.  of  154®.  A  mixed  sample  with  a  preparation  ob¬ 
tained  by  a  known  method  gave  no  melting  point  depression.  Only  a  total  of  0.5  g  of  a  substance  with  a  b.p.  of 
129-131  *(8.5  mm)  was  obtained:  it  was  apparently  the  oxide  of  the  allyl  ether  of  o-cresol  (II). 

ng  1.5270;  df  1.0905;  MR^  46.24;  calculated  45.29. 

0.1900  g  sub,:  0.5011  g  CO^;  0.1267  g  HjO.  0.1173  g  sub.;  21.21  g  benzene:  At  0.182®.  Found  *^  ;  C  71.93; 

H  7.46;  M  156,7,  CioHyO^,  Calculated  ^  ;  C  73.10;  H  7,30;  M  164. 

The  substance  contained  an  insignificant  admixture  which  coma  ned  active  hydrogen;  this  was  reflected  in  the 
analytical  results. 

Oxidation  of  o -Allyl -o -cresol  with  Peroxyacetic  Acid 

The  o -allyl -o-cresol  was  prepared  analogously  to  the  o -allylphenol  [4], 

B.p.  92-94®  (6  mm);  nj  1.5377;  <5®  1.0010;  MRd  46.22;  calculated  46.83. 

15.6  g  of  93*^  peroxyacetic  acid  was  added  to  28  g  of  the  substance  in  56  ml  of  dry  ether.  The  oxidation  pro¬ 
ceeded  smoothly,  the  temperature  increased  slowly  and  the  color  of  the  mixture  became  bright  orange.  After  3  days 
the  oxidation  was  completed.  The  reaction  products  were  treated  analogously  to  those  of  the  preceding  experiments 
and  vacuum  distilled.  8  g  of  substance  (V)  with  a  bright  orange  color  was  obtained. 

B.p.  146“  (10  mm);  1.5468;  cf  1.1213;  MRd  46.37;  calculated  45.18. 

0.2564  g  sub.:  0.6910  g  CO^;  0.1710  g  H,0.  0.1208  g  sub.:  15.92  ml  CH4  (0®,  760  mm).  0.1005,  0.2358  g  sub.; 
16.47  g  benzene:  At  0.175.  0.425®.  Found  *?  ;  C  73.50;  H  7.46;  OH  10,07;  M  175.7,  177.4.  Calculated  *^  ; 

C  73,17;  H  7.32;  OH  10.3;  M  164, 
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Reaction  of  the  Oxide  of  o-Allyl -o-cresol  with  Acetic  Anhydride 

10  g  of  acetic  anhydride  was  added  to  2  g  of  the  substance  and  the  mixture  was  boiled  for  5  hours  in  a  flask 
equipped  with  a  reflux  condenser.  The  acetic  anhydride  was  distilled  off  in  a  vacuum  and  1.2  g  of  substance  (VIII) 
was  obtained  by  fractional  distillation  of  the  reaction  products. 

B.p.  128-129’(2  mm);  n^  1.5045;  1.1230;  MRd  54.35;  calculated  54.54. 

0.2050,  0.1483  g  sub.:  0.5044,  0.3677  g  COj;  0.1277,  0.0955  g  H,0.  0.1192,  0.2206  g  sub.:  15.3  g  benzene; 

At  0.223,  0.415^  Found  ^  ;  C  67.10  ,  67.62;  H  6.96,  7.20;  M  179.2,  178.6.  q,Hi40i.  Calculated  ^  :  C  69.9;  H  6.79; 
M  206.  The  test  for  active  hydrogen  was  negative. 

A  repeated  experiment  involving  the  preparation  of  the  acetyl  derivative  did  not  give  better,  analytical  results. 
Apparently,  the  reaction  products  are  partially  changed  during  the  distillation. 

Oxidation  of  o-Propenyl-o-cresol  with  Peroxyacetic  Acid 

o-Propenyl-o-cresol  was  prepared  analogously  to  o -propen ylphenol.  It  boiled  at  125-127*  (10  mm).  It  partially 
crystallized  on  standing.  35  g  of  o-propenyl -o-cresol  was  dissolved  in  80  ml  of  anhydrous  ether  and  oxidized  with  24  g 
of  73^  peroxyacetic  acid.  The  reaction  proceeded  very  energetically  with  marked  evolution  of  heat.  After  3  days 
there  proved  to  be  no  peroxide  in  the  mixture.  The  reaction  products  were  treated  as  indicated  for  the  preceding  cases, 
and  after  drying  with  MgS04,  were  distilled.  10  g  of  an  orange  colored  oily  substance  (VI)  with  the  odor  of  phenol  was 
obtained. 

B.p.  141-143*(11  mm);  1.5395;  ^  1.1030;  MRj)  46.61;  calculated  45.18. 

0.1268  g  sub.:  0.3415  g  CC\;  0.0851  g  1^0.  0.1679  g  sub.:  25.46  ml  CH4  (0*  760  mm).  0.1084  ,  0.2317  g  sub.; 
18.80  g  benzene:  At  0.185,  0.385*.  Found  :  C  73.45;  H  7.53;  OH  11.5;  M  160.1,  164.5.  Ci,HuOi.  Calculated  : 

C  73.17;  H  7.31;  OH  10.36;  M  164. 

Preparation  of  2,7-Dimethylbenzofutan 

2  g  of  the  oxide  of  o-propenyl -o-cresol  was  placed  in  a  desiccator  over  sulfuric  acid.  The  liquid  became  mobile 
and  acquired  a  brown  color  overnight.  1.4  g  of  a  mobile  yellowish  liquid  (X)  was  obtained  by  its  distillation. 

B.p.  72*  (3  mm),  n®  1.5540;  4®  1.0440;  MRp  44.82;  calculated  43.75. 

0.1266  g  sub.:  0.3808  g  CC\;  0.0777  g  HjO.  0.1217,  0.2197  g  sub.;  18.9  g  benzene:  At  0.225,  0,416*.  Found  ^  : 
C  82,08;  H  6.87;  M  147.1,  143,4.  CjoHjoO,  Calculated  ^  ;  C  82.10;  H  6.85;  M  146.  A  test  for  hydroxyl  groups  was 
negative. 

Reaction  of  the  Oxide  of  o-Propenyl-o-cresol  with  Acetic  Anhydride 

3  g  of  the  oxide  and  10  g  of  acetic  anhydride  were  boiled  for  4  hours.  1.0  g  of  a  readily  mobile  liquid  (X)  was 
obtained  by  distilling  the  reaction  products, 

B.p.  70-71*  (3  mm);  n®  1.5515;  dg®  1.0375;  MRd  44.65;  calculated  43.75.  Found C  82.20;  H  7.30.  qo^ioO- 
Calculated*^  :  C  82.10;  H  6.85. 

SUMMARY 

1.  The  a  -oxides  of  the  allyl  ether  of  phenol,  o-allylphenol,  o-allyto-cresol,  o-propenylphenol  and  o-propenyl- 
-o-cresol  were  prepared  by  the  oxidation  of  the  allyl  and  propenyl  derivatives  of  phenol  with  peroxyacetic  acid. 

2.  The  allylphenol  oxides  were  not  altered  by  the  action  of  zinc  chloride, while  upon  heating  with  acetic  anhy¬ 
dride  they  were  acetylated  at  the  phenolic  hydroxyl  group  with  formation  of  oxidoacetates. 

3.  The  oxides  of  o-propenylphenob  yield  cumarone  derivatives  as  a  result  of  the  action  of  dehydrating  sub¬ 
stances.  The  formation  of  compounds  of  the  furan  series  from  oxides  of  the  o-propenylphenols  proceeds  via  a  pre¬ 
liminary  conversion  of  the  oxides  into  their  unsaturated  tautomeric  phenol  alcohob. 

4.  The  conversion  of  oxides  of  o-propenylphenols  into  cumarone  derivatives  confirms  the  presence  of  oxido- 
enolic  tautomerism  in  the  alcohol  oxides. 


LITERATURE  CITED 

[1]  V  I.  Pansevich -Kolyada  and  L.  I.  Timoshek,  J.  Gen.  Chem.,  22,  1392  (1952).  * 
•  See  Consultants  Bureau  Translation,  p.  1437. 


813 


[2]  V.  I.  Pansevich -Kolyada  and  L.  A.  Kureichik,  J.  Gen.  Chem.,  24  ,  231  (1954).  * 

[3]  V.  I.  Pansevich -Kolyada  and  V.  A.  Ablova,  J.  Gen.  Chem.,  24,493  (1954>.** 

[4]  Claisen,  Eisle^)  Ann.,  401,29  (1913;  418,  78.  118(1919). 

[5]  K.  A.  Krasusky,  J.  Russ.  Chem.  Soc.,  34.  537,  556  (1902);  A.  E.  Favorsky,  J.  Russ.  Chem.  Soc.,  38  ,  741  (1906), 
[61  Claisen,  Ann.,  418,  72  (1919);  Lauer,  Leekly ,  J.  Am.  Chem.  Soc.  61,  3042  (1939). 

[7]  Lipp,  Ber.,  18,  3282  (1885);  22,2567  (1889);  Z.  Pogorzhelsky,  J.  Russ.  Chem.  Soc.,  30,  977  (1898';  A. 
Vasilyev,  J.  Russ.  Chem.,  Soc.  30  993  (1898);  Henry,  Chem.  Zentr.,  1907,  1,  708;  Yu.  S.  Zalkind,  Ber.,  56.  189  (1923). 

[8]  Claisen,  Ber.,  53,  324  (1920);  Ann.,  418,  84  (1919);  Adams,  Rindfusz,  J.  Am  (Oiern.  Soc.  41,  655  (1919):  F.G. 
Ponomarev.  J.  Gen.  Chem.,  23.  656 '(1953):  Stoermer,  Barthelmess,  Ber.,  48,  67  (1915). 

[9]  Claisen.  Eisleb,  Ann.,  401,  79  (1913). 


Received  December  7.  1953 


Institute  of  Chemistry  of  the  Academy  of  Sciences  of  the 
Byelomssian  SSR,  Laboratory  of  Organic  Chemistry 


*  See  Consuluntt  Bureau  Traiislati<m,  p.  231 

**  See  Consultants  Bureau  Translation,  p.  503. 

*  *  *See  Consultants  Bureau  Translation,  p.  681. 


814 


OXIDATION  OF  TERTIARY  a-KETO  ALCOHOLS  BY  MANG  ANESE  TRIACETATE 


S.  Zonis 


As  the  author  and  a  coworker  have  shown  [1],  during  the  oxidation  of  a  -glycols  with  manganese  triacetate, 
rupture  of  the  carbon  skeleton  occurs  regardless  of  the  character  of  the  alcoholic  groups;  a  mechanism  was  proposed 
for  the  reaction.  To  confirm  the  hypothetical  mechanism  we  investigated  the  oxidation  of  secondary  a  -keto  alco¬ 
hols,  If  the  formation  of  glycolate  occurs  as  an  intermediate  product  in  the  oxidation  process,  then  the  secondary 
a  -keto  alcohols  should  be  oxidized  with  retention  of  the  carbon  skeleton  (with  formation  of  an  a  -diketone),  even  in 
the  presence  of  excess  oxidant;  the  tertiary  a  -keto  alcohols,  on  the  other  hand,  must  be  oxidized  only  with  rupture 
of  the  carbon  skeleton  (with  formation  of  netural  and  acidic  products). 

Our  investigations  of  the  oxidation  of  tertiary  a  -keto  alcohols  of  the  aromatic  phenylbenzoin  and  phenylanisoin 
series  confirmed  our  hypotheses. 

Diphenylketone  and  p-methoxydiphenylketone  were  isolated  from  the  neutral  reaction  products  as  a  result  of 
the  oxidation  of  these  a  -keto  alcohols.  Benzoic  and  anisic  acid  were  isolated  from  the  acidic  products, 

EX  PERIMENTAL 

PhenylbenTOin  was  prepared  from  benzil  and  phenylmagnesium  bromide  by  the  method  described  by  S.  Akri 
[2],  with  a  m.p.  of  86-87*  (from  ligroin). 

Phenylanisoin  was  prepared  from  anisil  and  phenylmagnesium  bromide.  Inasmuch  as  phenylanisoin  has  not  been 
described  in  the  literature,  we  present  the  description  of  one  of  the  experiments. 

Phenylmagnesium  bromide  was  prepared  in  the  usual  way  from  1.3  g  of  magnesium  and  9  g  of  bromobenzene. 
The  phenylmagnesium  bromide  was  added  in  the  form  of  drops  to  a  cooled  ethereal  solution  of  anisil  (made  from  7  g 
of  anisil  in  300  ml  of  anhydrous  ether).  Upon  completion  of  the  addition  of  the  organomagnesium  complex,  the  reac¬ 
tion  mixture  was  stirred  for  2  days  at  room  temperature  and  then  heated  on  a  water  bath  for  1  hour.  The  warm  ether¬ 
eal  solution  was  decanted  from  the  unreacted  anisil.  The  ethereal  solution  was  dried  with  roasted  sodium  sulfate. 

After  distilling  off  a  portion  of  the  ether,  a  yellow  crystalline  precipitate  consistii^  of  unreacted  anisil  settled  out. 
Two  substances  were  isolated  from  the  filtrate  by  fractional  crystallizaticm  —  one  with  a  m.p.  of  86-95",  the  other  with 
a  m.p,  of  93-98".  After  two-fold  crystallization  of  the  latter  from  methyl  alcohol,  crystals  with  a  m.p.  of  94-95.5*. 
were  isolated.  A  mixed  sample  with  anisil  melted  (not  sharply)  at  85-115". 

Analysis  of  the  crystalline  substance  with  a  m.p.  of  94-95"; 

0.1258  g  sub.;  0.3503  g  CO^;  0.0615  g  HjO.  0.3039  g  sub.;  22.23  g  benzene;  At  0.204";  0.1063  g  sub.;  6.74  ml 
CH4(22*,  764.2  mm).  Found‘d  ;  C  75.95;  H  5.47;  M  335.8.  CaHajQ*.  Calculated^  ;  C  75.86;  H  5.74;  M  348.0; 

6.83  ml  CH4. 

It  can  be  concluded  on  the  basis  of  the  analytical  data  that  the  crystalline  substance  with  a  m.p.  of  94-95.5*  is 
phenylanisoin. 

Oxidation  of  Phenylbenzoin 

The  equation  of  the  oxidation  reaction  can  be  depicted  by  the  following  scheme; 

- 

(C^l^CQH-CO-CeH,  (C^)jCO  + 

OCOCH, 

O 

CjHsC^  c,H,COOH  +  CHjCOOH. 

TX:OCH, 
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We  present  the  description  of  one  of  the  experiments  involving  the  oxidation  of  1  g  of  phenylbenzoin  with  a 
m.p.  of  86-87*,  2.4  g  of  manganese  triacetate  (68*^^  In  100  ml  of  glacial  acetic  acid. 

The  reaction  mixture  was  heated  on  a  boiling  water  bath  for  10  hours  and  then  a  portion  of  the  acetic  acid 
(75  ml)  was  distilled  off  and  the  residue  poured  into  water.  The  aqueous  solution  was  neutralized  with  potash  and 
steam  distilled  to  isolate  the  neutral  products.  An  ethereal  extract  was  made  from  the  aqueous  distillate  and  after 
drying  over  sodium  sulfate  the  ether  was  distilled  off;  0.6  g  of  a  viscous  oily  liquid  was  left  in  the  flask.  Upon 
seeding  with  a  crystal  of  diphenylketone,  the  entire  liquid  crystallized,  m.p.  47-48*.  A  mixed  sample  with  known 
diphenylketone  did  not  give  any  lowering  of  the  melting  temperature. 

The  aqueous  solution  left  after  distilling  off  the  diphenylketone  was  acidified  with  nitric  acid,  and  secondari¬ 
ly  steam  distilled  to  eliminate  the  acetic  acid.  A  test  with  hydrogen  peroxide  and  ferric  chloride  qualitatively  dis¬ 
closed  the  presence  of  benzoic  acid  in  the  distilled  liquid. 

After  the  steam  distillation  of  the  acetic  acid,  the  aqueous  solution  left  in  the  distilling  flask  was  treated  with 
ether  to  extract  the  benzoic  acid.  The  etheral  extract  was  saturated  with  ammonia  after  drying  over  fused  sodium 
sulfate  and  then  treated  with  a  concentrated  solution  of  silver  nitrate;  the  silver  salt  thereupon  precipitated. 

0.1697  g  salt:  0.0803  g  Ag.  Found :  Ag  47.31.  C^C^Ag.  Calculated‘S:  Ag  47.13. 

Oxidation  of  Pheny lanisoin 

The  oxidation  proceeds  according  to  a  scheme  analogous  to  that  for  the  oxidation  of  phenylbenzoin. 

1.04  g  of  phenylanisoin  with  a  m.p.  of  94 -95.5*.  2.1  g  of  manganese  triacetate  (68^)  and  100  ml  of  glacial 
acetic  acid  were  taken.  The  reaction  conditions  for  the  oxidation  were  the  same  as  those  for  the  oxidation  of  phenyl¬ 
benzoin.  After  steam  distillation,  0.52  g  of  a  substance  was  isolated  which  crystallized  from  alcohol  in  the  form  of 
>hiny  needles,  with  a  m.p.  of  59.5-60.5*. 

To  characterize  the  p-methoxydiphenylketone,  the  oxime  with  a  m.p.  of  116-117*  was  prepared  (from  alcohol) 
by  the  usual  iriethod;  its  m.p.  was  in  accord  with  the  literature  data  [3]. 

The  aqueous  solution  left  after  steam  distilling  the  p-methoxydiphenylketone,  was  acidified  with  nitric  acid 
and  secraidarily  steam  distilled  to  eliminate  the  acetic  acid.  Anisic  acid  which  melted  at  182-183*  (from  watei))  was 
left  in  the  distilling  flask  after  eliminating  the  acetic  acid.  According  to  the  liiterature  data,  the  melting  point  of 
anisic  acid  is  184.4*  [4]. 

The  anisic  acid  was  converted  into  the  silver  salt  to  characterize  it: 

0.1679  g  salt:  0.0702  g  Ag.  Found  *%  :  Ag  41.81.  C|H^Ag.  Calculated :  Ag  41.68. 

SUMMARY 

Tertiary  a-keto  alcohols  are  oxidized  only  with  rupture  of  the  carbon  skeleton,  which  is  in  accord  with  the 
reaction  mechanism  previously  proposed. 
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THE  ACID  CHLORIDES  AND  MIXED  ESTERS  OF 


TETRAMETHYLENEGLYCOLARSENOUS  AND  PYROC  ATECHOLARSENOUS  ACIDS 


Gilm  Kama!  and  Z.  L.  Khisamova 


Work  on  the  synthesis  of  various  cyclic  acid  chlorides  and  mixed  esters  of  a-glycoIar$enous  and  fi-glycolarsen- 
ous  acids  [1,2]  was  begun  in  our  laboratory  in  1951. 

In  a  continuation  of  this  investigation,  we  synthesized  the  following  cyclic  acid  chlorides  for  the  first  time: 


AsCl  and 


The  acid  chlorides  isolated  were  crystalline  substances,  soluble  in  water  and  certain  organic  solvents.  When 
kept  for  a  long  time,  hydrolysis  of  the  aqueous  solutions  of  the  acid  chlorides  occurs  with  formation  of  arsenous  an¬ 
hydride  and  the  corresponding  dihydroxy  compounds. 

We  obtained  mixed  esters  by  the  reaction  of  the  indicated  acid  chlorides  with  various  alcohols  in  the  presence 
of  substances  which  bind  HCl.  Certain  data  concerning  them  is  set  forth  in  the  table. 


Formula 


Boiling  point  Melting  point 


(CH3)2C-0, 


\AsOC4H9 


(CHj)jC-0' 


(CH,^^C-0  ^ 

!  ^  AsOCgHy 

(CHj'iC  -  & 


/ascx::,H5 


133“  (8  mm) 


116-117  ( 10  mm)  I  148-150 


1.2306  I  1.4622 


l^^-o 

'  -c/ 


AsOQiHg 


140  — 141  (14  mm) 


1.3634  1.5400 


|;_  ^sOC,H„ 


164-165  (4.5  mm) 


1.2241  1.5182 


I !  ^AsOCgHi, 


175  -176  (5  mm) 


1.2005  1  5150 
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For  comparison,  we  synthesized  the  ethyl  ester  of  pyrocatecholarsenous  acid  by  the  two  following  methods; 


EXPERIMENTAL 

Preparation  of  the  Acid  Chloride  of  Tetramethylethyleneglycolarsenous  Acid 

In  a  round -bottomed  flask  equipped  with  a  reflux  condenser,  a  mechanical  stirrer  and  a  dropping  funnel. 
44.3  g.  of  pinacol ,  5S.3  g.  of  anhydrous  pyridine  and  500  ml  of  anhydrous  ether  were  placed.  67.6  g.  of  arsenic 
trichloride  was  added  while  the  mixture  was  being  externally  cooled  and  stirred.  After  the  addition  of  the  ?ntire 
quantity  of  arsenic  trichloride  ,ihe  contents  of  the  flask  were  boiled  on  a  water  bath  for  30  minutes.  The  pre¬ 
cipitate  was  then  filtered  off  and  washed  twice  with  ether.  After  the  solvent  had  been  distilled  off.  white  cry¬ 
stals  with  a  m.p.  of  121*  precipitated.  The  yield  was  53.470. 

Found  T);  As  33.2C.  33.23;  Cl  15.77  15.63.  CeHuO^AsCl.  Calculated  7o;  As  33.06;  Cl  15.61. 

The  acid  chloride  of  tetramethylethyleneglycolarsenous  acid  was  quite  soluble  in  water,  acetone, 
benzene,  chloroform,  dioxanv  ,  and  more  difficultly  soluble  in  gasoline  and  xylene. 

Saponification  of  the  Acid  Chlori  d  e  of  Tetramethylethyleneglycolarsenous  Acid 

1  g  of  the  acid  chloride  was  stirred  with  30  ml  of  water  and  left  overnight.  On  the  next  day  the  white 
precipitate  which  was  formed  was  filtered  off,  washed  with  water .  dried  to  constant  weight  and  analyzed. 

Found  7>;  As  75.52.  As2C'3.  Calculated  7o:  As  75.74. 

Preparation  of  the  n-Butyl  Ester  of  Tetramethylethyleneglycolarsenous  Acid 

10  g  of  the  acid  chloride  of  tetramethylethyleneglycolarsenous  acid  was  added  through  a  dropping  funnel 
to  a  solution  of  3.62  g  of  n-butyl  alcohol,  3.5  g  of  anhydrous  pyridine  and  300  ml  of  anhydrous  ether.  After 
the  introduction  of  all  the  acid  chloride,  the  contents  of  the  flask  were  heated  on  a  water  bath.  On  the  next 
day  the  precipitate  —  pyridine  hydrochloride  —  was  filtered  off  and  washed  with  ether.  After  distilling  off 
the  solvent,  the  liquid  which  was  left  was  vacuum  distilled.  A  fraction  with  a  b.p.  of  170-190*  at  12  mm, 
which  crystallized  on  standing,  was  isolated.  After  recrys  tallization  from  toluene  the  m.p.  was  94*. 

Found7>:  As  28.46,  28.43.  CioHnO^As.  Calculated  As  28.36. 

The  ester  isolated  was  soluble  in  many  of  the  usual  organic  solvents.  It  hydrolyzed  in  water. 

Preparation  of  the  n-hexyl  Ester  of  Tetramethylethylene  glycolarsenous  Acid 

The  n-hexyl  ester  of  tetramethylethyleneglycolarsenous  acid  was  lyntheslzed  from  2.5  g  of  n-hexyl 
alcohol  and  5  g  of  the  acid  chloride  of  tetramethylethyleneglycolarsenous  acid  in  an  ethyl  ether  medium 
in  the  presence  of  1.75  g  of  pyridine. 

B.p.  133"  at  8  mm;  dj  1.2515;  c§®  1.2306;  n^  1.4622. 

Found:  As  25.83,  25.72.  C^HijAsOj.  Calculated  7>;  As  25.63 

The  ester  obtained  consistea  of  a  colorless  liquid,  soluble  in  many  organic  solvents. 

It  was  comparatively  readily  saponified  with  water  with  the  formation  of  arsenous  anhydride. 

Preparation  of  the  Acid  Chloride  of  Pyrocatacholarsenous  Acid 

15  g  of  pyrocatechol  and  25.6  g  of  arsenic  trichloride  were  placed  in  a  round -bottomed  flask  equipped 
with  a  reflux  condenser.  The  contents  of  the  flask  were  heated  on  an  oil  bath  for  5  hours.  The  hydrogen 
chloride  which  was  evolved  was  trapped  with  water.  The  remaining  mass  was  heated  in  a  sealed  tube  at 
200*  for  3  hours.  After  cooling  the  tube  was  opened.  A  crystalline  substance  with  a  m.p.  of  133*  was  ob¬ 
tained  after  recrystallization  from  toluene.  The  yield  was  24.2  g  (6l7o). 

Found  %  As  34.46  .  34.53;  Cl  16.48,  16.36.  CeHiO^AsCl.  Calculated  7>:  As  34.30;  Cl  16.23. 

The  acid  chloride  obtained  was  quite  soluble  in  water,  ether,  acetone,  benzene,  chloroform,  di- 
oxan.  and  more  difficultly  soluble  in  toluene,  xylene,  and  gasoline.  It  was  saponified  very  slowly  by  water.- 


Saponification  of  the  Acid  Chloride  of  Pyt oc atecholarsenous  Acid 

A  mixture  of  1  g  of  the  acid  chloride  and  30  ml  of  water  was  heated  in  a  flask  equipped  with  a  reflux 
condenser  for  6  hours.  On  the  next  day  the  white  precipitate  which  was  formed  was  filtered  off,  washed  and 
dried  to  ccaistant  weight. 

Found  As  75.55.  AsjOi.  Calculated  As  75.74 

The  presence  of  pyrocatechol  was  qualitatively  detected  in  an  aqueous  solution. 

Preparation  of  the  Ethyl  Estei  of  Pyroc  atechol  arsenous  Acid 

Experiment  1.  20  g  of  the  acid  chloride  of  pyrocatecholarsenous  acid  was  added  through  a  dropping 

funnel  to  a  solution,  cooled  to  0*  and  stirred,  of  5  g  of  anhydrous  ethyl  alcohol,  7.3  g  of  anhydrous  pyridine 
and  350  ml  of  benzene.  The  contents  of  the  flask  were  boiled  on  a  water  bath  for  30  minutes.  After  cooling, 
the  precipitate  was  filtered  off  and  washed  with  benzene.  The  mass  left  after  distilling  off  the  benzene  was 
then  subjected  to  vacuum  distillation.  3.6  g  (46*!^)  of  a  fraction  with  a  b.p.  of  114*  at  10  mm  was  isolated. 

It  crystallized  on  standing.  The  melting  point  of  the  crystals  was  150®. 

Found  ^  As  32.95.  CgHjO^As.  Calculated*^  As  32.85.  Found:  M  230.2  (by  Rast’s  method). 
CgHgO^As.  Calculated;  228.1. 

Experiment  2.  The  ethyl  ester  of  pyrocatecholarsenous  acid  was  prepared  by  the  mutual  reaction  of 
7.4  g  of  pyrocatechol,  10.6  g  of  anhydrous  pyridine  and  12.8  g  of  ethoxy dichloroarsine  in  an  anhydrous  ethyl 
ether  medium.  After  the  usual  treatment  of  the  reaction  products  and  vacuum  distillation,  a  basic  fraction 
with  a  b.  p.  of  116-117®  at  10-11  mm  and  a  m.p.  of  148-149*  was  isolated. 

Found  ’’h.  As  32.88,  32,79.  CgHgO^As.  Calculated  As  32.85; 

The  ethyl  ester  of  pyrocatecholarsenous  acid  was  soluble  in  many  organic  solvents. 

Saponification  of  the  Ethyl  Ester  of  Pyrocatecholarsenous  Acid 

9  g  of  the  ethyl  ester  of  pyrocatecholarsenous  acid  was  stirred  with  60  ml  of  water.  The  saponification 
reaction  proceeded  energetically  with  the  formation  of  a  white  precipitate.  The  presence  of  pyrocatechol 
was  qualitatively  detected  in  the  aqueous  solution;  The  precipitate  was  filtered  off,  washed  several  times 
with  water  and  once  with  alcohol.  After  it  had  been  dried  to  constant  weight,  it  was  analyzed. 

Found  “7o:  As  75.49  AsjO^.  Calculated*^:  As  75.73*. 

Preparation  of  the  n-Butyl  Ester  of  Pyrocatecholarsenous  Acid 

The  compound  was  prepared  by  the  mutual  reaction  of  4  g  of  n -butyl  alcohol,  3.7  g  of  pyridine  and  10  g 
of  the  acid  chloride  in  a  benzene  medium.  After  treatment  of  the  reaction  products  and  vacuum  distillation, 
4.2  g  (35.8*^)  of  a  colorless  liquid  was  isolated.  Water  hydrolyzed  it. 

B.  p.  140-141®  at  14  mm;  dg  1.3837;  ^  1.3634;  n^  1.5400 
Found  *^.  As  28.94  ,  29.08..  CioHigO^As.  Calculated*^.  As  29,25 

Preparation  of  the  n -Octylpy  roc  atechol  Ester  of  Arsenous  Acid 

318  g  of  the  n-octylpyroc atechol  ester  of  arsenous  acid  was  obtained  in  the  form  of  a  colorless  liquid 
from  4  g  of  n-octyl  alcohol,  2.5  g.  of  anhydrous  pyridine  and  6  g  of  the  acid  chloride  in  a  benzene  medium. 

B.  p.  164-165®  at  4.5  mm;  dj  1.2426;  1.2241;  1.5182. 

Found*^.  As  23.79,  23.81.  Ci4HjiC^As.  Calculated As  23.99. 

Preparation  of  the  n-Nonylpyrocatechol  Ester  of  Arsenous  Acid 

4.5  g  of  n-nonyl  alcohol,  2.5  g  of  anhydrous  pyridine,  6,1  g  of  the  acid  chloride  of  pyrocatecholarsenous 
acid  and  200  ml  of  benzene  were, taken  for  the  reaction.  After  vacuum  distillation,  4.2  g  of  a  thick  colorless 
liquid,  quite  soluble  in  organic  solvents,  was  obtained. 

B.  p.  175-176®  at  5  mm;  eg  r.2184:  eg®  1.2005  ;  n“  1.5150.  MR^  81.94.  CigH^O^As.  Calc.  81.53. 
Piauad  lo..  As  22.79,  22.85.  qgHaO^As.  Calculated  %  As  22.96. 

SUMMARY 

1.  The  acid  chlorides  of  tetramethylethyleneglycolarsenous  and  pyrocatecholarsenous  acids  were  pre¬ 
pared  and  studied  for  the  first  time. 

2.  By  the  reaction  of  these  acid  chlorides  with  various  alcohols  in  a  benzene  medium  and  in  the 
presence  of  anhydrous  pyridine,  the  mixed  esters  of  tetramethyleneglycolarsenous  and  pyrocatecholar¬ 
senous  acids  were  synthesized  and  their  properties  described. 
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THE  REACTION  OF  CYCLIC  ACID  CHLORIDES  OF  ARSENOUS  ACID  WITH  DIALKYLAMINE 


Gilm  Kama!  and  Z.  L,  Khisamova 

Substituted  amido  esters  of  arsenous  acid  with  the;  As  -N-  bond  have  hitherto  not  been  described.  In  the  present 
communication,  data  are  presented  on  the  synthesis  of  the  first  few  representatives  of  this  group,  of  specifically 
cyclic  dimethyl-  and  diethyl -substituted  amido  esters  of  arsenous  acid. 

We  took  the  previously  synthesized  cyclic  acid  chlorides  of  ethyleneglycolarsenous,  tetramethylethyleneglyco- 
larsenous  and  pyrocatecholarsenous  acids  [1]  as  subjects  for  the  investigation  and  let  them  react  in  an  inert  solvent 
with  timethylamine  or  diethylamine.  In  the  reaction  of  the  acid  chloride  of  ethyleneglycolarsenous  acid  with  dialkyl- 
amines  in  a  medium  of  dry  benzene,  the  reaction  fundamentally  goes  in  the  direction  of  forming  dialkyl -substituted 
amides  of  the  eye  lie  esters  of  arsenous  acid  (I)  according  to  the  scheme: 

CHj-O,^  .  CHj-O  Aik 

1  ^As-Cl  +  2(Alk),NH  - |  ^As-N^^  +  (Alk),NH*HCl. 

CH,-0"^  CH,-0"^^  ^Alk 

It  v.'ill  also  become  clear  that  during  this  reaction,  in  addition  to  the  dialkyl  substituted  amidoesters  of  arsenous 
acid,  a  considerable  quantity  of  the  ethyleneglycolic  ester  of  pyroarsenous  acid  (Hf  was  formed.  The  formation  of 
the  latter  as  an  oxidation  product  with  rupture  of  the /As-- N\  bond  can  be  represented  by  the  following  scheme: 

CH,-0.  Aik  CHj-O  0-CHj 

2  'I  'As-N(^  - ^ I  ;As-0-Asc^ 

CHj-O'^  ^Alk  CHj-O^  ^O-CH, 

We  did  not  study  the  nitrogen -containing  portion  of  this  reaction  in  detail. 

It  is  of  interest  to  note  that,  in  the  reaction  of  the  acid  chlorides  of  tetramethylethyleneglycolarsenous  and 
pyrocatecholarsenous  acids  with  dialkylamines  under  analogous  reaction  conditions  and  in  an  atmosphere  of  air, 
we  isolated  only  the  corresponding  esters  of  pyroarsenous  acid. 

We  accomplished  the  synthesis  of  dialkyl  substituted  amido  esters  of  tetramethylethyleneglycolarsenous  and 
pyrocatecholarsenous  acids  by  the  action  of  the  corresponding  acid  chlorides  on  dialkylamines  in  a  medium  of  inert 
solvent  and  in  a  stream  of  nitrogen. 

The  dialkyl -substituted  amido  esters  of  arsenous  acid  synthesized  by  us  are  presented  in  Table  1. 

The  amido  esters  isolated  were  colorless  liquids.  They  were  oxidized  in  air  with  rupture  of  the  /As-N^hondand 
formation  of  the  corresponding  esters  of  pyroarsenous  acid  (Table  2  ). 

The  pyroarsenous  esters  investigated  were  comparatively  readily  saponified  by  water. 

We  then  studied  the  reaction  between  ethyl  iodide  and  the  diethylamide  ester  of  ethyleneglycolarsenous  acid. 

The  experiments  showed  that  the  indicated  substances  react  in  the  cold  and  in  an  ether  medium  according  to  the 
following  scheme: 

CH.-0 

+  2CiH5l  - >-  (C,H5)4NI  +1  ^Asl 

CH,-0^ 

EXPERIMENTAL 

of  Ethyleneglycolarsenous  Acid _ 

26.4  g  of  freshly  distilled  diethylamine  and  100  ml  of  dry  benzene  were  placed  in  a  flask  wth  a  reflux 
condenser,  mechanical  stirrer  and  dropping  funnel.  The  flask  was  externally  cooled  vdth  snow.  A  solution 
of  50  g  of  the  acid  chloride  of  ethyleneglycolarsenous  acid  in  100  ml  of  benzene  was  added  from  the  dropping 
funnel.  Upon  completion  of  the  reaction,  dimethylamine  hydrochloride  was  separated  by  centrifuging. 


CH,-0^ 

I  ^As-NC^ 
CHj— O''^  CjHg 


Preparation  of  the  Di  methyla  mide 


The  mass  which  was  left  after  distilling  off  the  benzene  from  the  filtrate  was  subjected  to  vacuum  distillation. 

Two  fractions  were  isolated  after  2 -fold  distillation. 

The  first  fraction,  13.9  g  (26.7^)  consisted  of  a  colorless,  readily  mobile  liquid  with  a  weak  amine  odor. 

B.  p.  101-102*  at  55  mm;  1:4643;  ng  1.5030;  MRjj  36.14;  Calc.  36.32. 

Found As  41.57;  N  7.35;  CjHioO^AsN.  Calculated As  41.82;  N  7.81. 

The  dimethylamide  of  ethyleneglycolarsenous  acid  was  soluble  in  many  organic  solvents.  It  was  hydrolyzed 
by  water  with  the  formation  of  arsenous  anhydride. 

The  second  fraction  was  a  colorless,  thick  liquid  with  no  odor: 

B.p.  172-175*  at  18  mm;  ($®  2.0221;  n!3  1.5569;  MRp  45.72;  Calc.  45.42. 

Found  As  51.95,  51.89.  C4H,OkAs,.  Calculated  As  52.40. 

The  analytical  data  indicate  that  the  second  fraction  was  the  comparatively  pure  ethyleneglycol  ester 
of  pyroarsenous  acid  (II).  The  ester  was  saponified  by  water  with  the  formation  of  ethyleneglycol  and  arsenous 
anhydride. 


TABLE  1 


TABLE  2 


The  preparation  of  the  diethylamide  of  ethyleneglycolarsenous  acid  was  carried  out  by  the  method  described 
above,  starting  with  20  g  of  the  acid  chloride  of  ethyleneglycolarsenous  acid,  17.2  g  of  diethylamine  and  250  ml  of 
ethyl  ether.  The  following  were  obtained  as  a  result  of  two-fold  fractional  distillation: 

14.2  g  of  the  first  fraction.  This  consisted  of  a  readily  mobile  colorless  liquid  which  was  soluble  in  many 
organic  solvents.  It  was  hydrolyzed  by  water: 

B.  p.  88-89“  at  17  mm;  1.3442;  n?}  1.4918. 

Found‘d  As  35.83;  N  6.75.  C,Hi40iAsN.  Calculated*!^:  As  36.10;  N  6.98. 

The  second  fraction; 

B.  p.  172-173*  at  18  mm;  ($“  2.0245;  ng  1.5569. 

Found  %:  As  52.09.  C^HjO^As,.  Calculated  lo..  As  52.40. 

Thus,  the  ethyleneglycol  ester  of  pyroarsenous  acid  was  also  isolated  during  this  reaction. 

Reaction  of  the  diethylamide  of  ethyleneglycolarsenous  acid  with  ethyl  iodide. 

4.3  g  of  ethyl  iodide  was  added  to  a  cooled  mixture  of  5.8  g  of  the  diethyamide  of  ethyleneglycolarsenous 
acid  and  50  ml  of  anhyduua  ether  which  was  placed  in  a  small  flask  with  a  reflux  condenser.  After  several  min¬ 
utes  a  crystalline  precipitate  began  to  settle  out.  On  the  next  day  the  crystals  were  filtered  off,  washed  with 
ether  and  dried  to  constant  weight.  The  crystals  were  soluble  in  water  and  alcohol  and  insoluble  in  ether. 

Found‘d  149.27,49.19.  CgHjoNl.  Calculated*^.  149.00. 

Nitrogen  was  qualitatively  detected;  arsenic  was  absent.  The  compound  obtained  consisted  of  tetra- 
ethylammonium  iodide  according  to  the  analytical  data. 

A  fraction  with  a  b.p.  of  150-152“  at  10  mm  was  separated  by  vacuum  distilling  from  the  liquid  portion 
of  the  reaction  products.  We  did  not  study  the  light  yellow  colored  liquid  in  detail. 

Reaction  of  the  Acid  Chlorides  of  Tetramethy lethyleneglycolarsenous 

and  Pyroc  atecholarsenous  acids  with  Dialkylamines 

Experiment  1.  15.12  g  of  the  acid  chloride  of  tetramethylethyleneglycolarsenous  acid,  dissolved  in  benzene, 

was  added  to  a  stirred  solution  of  6  g  of  dimethylamine  in  30  ml  of  dry  benzene.  The  precipitate  of  dimethylatnine 
hydrochloride  which  settled  out  was  filtered  off.  After  distilling  off  the  solvent  from  the  filtrate  the  mass  which 
was  left  was  subjected  to  vacuum  fractional  distillation.  A  fraction  with  a  b.p.  of  142*  at  3  mm  which  rapidly 
crystallized  was  isolated.  The  crystals  were  soluble  in  many  organic  solvents.  M.p.  97*. 

Found  As  37.39,  37.45.  Cj2H24CisAsj.  Calculated  *^.  As  37.63. 

We  did  not  succeed  in  isolating  other  individual  substances. 

Experiment  2.  By  the  reaction  of  the  corresponding  quantities  of  the  acid  chloride  and  dimethylamine 
according  to  the  method  indicated  above,  but  in  a  jet  of  nitrogen,  a  fraction  was  Isolated  in  the  form  of  a 
colorless  liquid: 

B.  p.  94*  at  16  mm;  1.2345;  n*j5  1.4810  ;  MR^  54.22;  Calc.  54.71 

Found‘d;  As  32.07;  N  5.78.  C,Hi,C\AsN.  Calculated  *^  As  31.86;  N  5.96. 

The  preparation  of  the  two  dialkylamidopyrocatecholarsenous  esters  and  the  pyrocatechol  ester  of  pyro¬ 
arsenous  acid  was  carried  out  according  to  the  method  described  above. 

The  data  on  the  esters  obtained  are  set  forth  in  Tables  1  and  2. 


SUMMARY 

1.  EH  alkyl  substituted  amides  of  the  cyclic  esters  of  arsenous  acid  were  synthesized  for  the  first  time. 

2.  It  was  shown  that  the  ^^s-N<^  bond  is  very  unstable  in  these  compounds  and  is  disrupted  by  the 
action  of  alkyl  halide,  atmospheric  oxygen  and  water. 

3.  It  was  established  that  the  product  of  the  oxidation  of  the  dialkylamido  esters  of  arsenous  acid  con¬ 
sists  of  cyclic  esters  of  pyroarsenous  acid  with  the  following  composition*. 
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ALKYLATION  OF  BENZENE  BY  ALIPHATIC  ALCOHOLS  AND  HALOGEN  DERIVATIVES 


OVER  ALUMINO-  SILICATE  CATALYSTS 
B.  N.  Dolgov  and  A.  S.  Cherkasov 

The  number  of  published  works  devoted  to  the  vapor  (phase  catalytic  alkylad  on  of  aromatic  hydro¬ 
carbons  by  alcohols  and  alkyl  halides  is  remarkably  small.  What  has  been  investigated  is  chiefly  alkyl¬ 
ation  with  methyl  and  ethyl  alcohols  •  and  with  methyl  chloride.  The  yields  of  alkyl  substituted  aromatic 
hydrocarbons  obtained  by  alkylation  with  these  reagents  at  atmospheric  pressure,  does  not  exceed  10  -15*^  of 
the  theoretical  yield  [1,2,  3].  Only  by  conducting  the  reaction  under  pressure  was  a  yield  up  to  30‘^»  of  the 
theoretical  successfully  obtained  [4].  Vapor  phase  alkylation  with  alcohols  and  halogen  derivatives  is  accom¬ 
plished  with  the  aid  of  catalysts,  of  which  the  most  effective  are  the  aluminosilicate  r  [1,2, 3, 5, 6, 7]  and 
phosphoric  acid  or  its  salts  [4,8,9]. 

From  1947  on,  work  on  the  study  of  the  alkylation  of  aromatic  hydrocarbons  with  alcohols  and  halogen 
derivatives  over  aluminosilicate  catklysts  has  been  carried  out  in  the  Department  of  Organic  Chemistry  at 
Leningrad  University.  The  results  obtained  constitute  the  material  for  a  bachelor's  thesis  presented  by  one  of 
us  in  1950.  We  investigated  the  alkylation  of  benzene  with  ethyl,  n -propyl,  isoprqpyl  and  isopropyl  bromides, 
and  Isobutyl  bromide.  The  alkylation  was  carried  out  over  an  ^aluminosilicate  catalyst  at  atmospheric 
pressure  in  the  usual  apparatus  used  in  the  investigation  of  vapor  phase  catalytic  reactions  under  dynamic 
conditions. 

Alkylation  with  Alcohols 

The  reaction  between  benzene  and  isopropyl  alcohol  proceeds  most  readily.  The  reaction  products  are 
isopropylbenzene  and  polyalky Ibenzenes  (chiefly  p -diisopropylbenzene),  and  also  propylene  and  water  which 
are  formed  as  a  result  of  the  dehydration  of  isopropyl  alcohol.  Small  quantities  of  saturated  hydrocarbons 
(l-3‘?l>)  and  hydrogen  (O.S-l.S'liSj)  are  also  contained  in  the  gaseous  reaction  products,  in  addition  to  propylene. 

The  formation  of  polyalkylbenzenes  is  markedly  diminished  by  conducting  the  reaction  with  a  great  excess 
of  benzene.  Thus,  the  content  of  polyalkylbenzenes  in  the  alkylbenzene  fraction  is  equal  to  20-30*^  at  a  molar 
ratio  of  benzene  to  alcohol  of  2:1,  while  on  increasing  this  ratio  to  4:1,  their  ccnitent  falls  to  5-10*^. 

The  optimal  temperature  for  alkylating  benzene  with  isopropyl  alcohol  is  a  temperature  of  300-320* 

(Fig  1,  curves  I  and  II)  at  which  the  yield  of  Isopropylbenzene  reaches  52*^  of  the  theoretical  (calculating  on 
the  basis  of  the  alcohol  passed)  at  a  rate  of  supplying  the  reaction  mixture  (v)  of  0.5  ml  per  1  ml  of  catalyst 
per  hour  (curve  I)  and  60*^  at  a  rate  of  supply  of  0.25  ml  (curve  II).  Reducing  the  experimental  temperature 
to  260®  almost  halves  the  rate  of  alkylation.  Increasing  the  temperature  above  320*  also  leads  to  a  reduction 
in  the  yield  of  isopropylbenzene.  Since  no  other  new  reaction  products  were  formed  in  this  case,  while  only 
the  quantity  of  propylene  formed  was  increased,  it  must  be  considered  that  at  temperatures  above  320®  ther¬ 
modynamic  equilibrium  is  reached  in  our  experiments  between  the  starting  materials  and  the  reaction  pro¬ 
ducts.  This  is  also  confirmed  by  the  fact  that  at  temperatures  of  340®  and  higher  the  yield  of  isopropylbenzene, 
obtained  at  a  supply  rate  of  0.5  ml/ ml  per  hour,  is  practically  equal  to  the  yield  obtained  at  a  rate  of  0.25 
ml/  ml  per  hour. 

The  rate  of  the  alkylation  of  benzene  with  n-propyl  alcohol  is  somewhat  less  than  the  rate  of  alkylation 
with  is(q)ropyl  alcohol:  the  yields  ofpropylbenzene  obtained  at  temperatures  lower  than  the  optimal  (i.e.,  at 
temperatures  at  which  the  yield  of  propylbenzene  is  determined  by  the  reaction  rate  and  not  by  thermo¬ 
dynamic  equilibrium)  is  always  less  in  alkylation  with  n-propyl  alcohol  (Fig.  1,  curve  III).  During  alkylation 
with  n-propyl  alcohol,  isomerization  of  the  propyl  group  occurs  in  the  course  of  the  reaction,  and  it  is  not  n- 
propylbenzene,  but  isopropylbenzene  which  appears  as  the  reaction  product,  as  in  alkylation  with  isopropyl 
alcohol.  On  the  basis  of  the  fact  that  over  'aluminosilicate  catalysts  alcohols  are  readily  dehydrated, 
being  converted  into  olefins  (isopropyl  alcohol,  for  example,  is  practically  completely  dehydrated  to 
propylene  even  at  240-250®  [12]  while  olefins  alkylate  aromatic  hydrocarbons  over  the  same  catalysts, 

•Works  by  Turova -Polyak  with  her  coworker  [10]  and  Shuikin  and  his  coworkers  [11]  have  recently  been 
published  in  which  alkylation  with  higher  alcohols  has  been  investigated. 


it  seems  very  probable  to  us  that  alkylation  with  alcohols  proceeds  via  intermediate  formation  of  olefins.  On  the 
other  hand,  the  fact  that  aromatic  hydrocarbons  can  be  alkylated  with  methyl  alcohol  indicates  that  a  route  of 
direct  alkylation  by  alcohol  which  skips  the  stage  of  olefin  formation,  is  not  excluded.  Actually,  it  is  evident 
that  both  reactions  can  proceed  parallelly  in  the  alkylation  with  alcohols.  If  alkylation  of  benzene  with  alcohol 
proceeds  only  via  intermediate  olefin  formation,  then  it  must  be  expected  that  higher  yields  of  alkylbenzene 
will  be  obtained  in  alkylation  with  olefins  than  in  alkylation  under  the  same  conditions  with  the  corresponding 
alcohols.  The  results  of  the  experiments  carried  out  by  us  involving  the  alkylation  of  benzene  with  propylene 
at  various  temperatures  are  presented  in  Fig.  1  (curve  I  Vi.  As  is  evident  from  the  data  of  the  figure,  at  a  tem¬ 
perature  below  300*the  yields  of  isopropylbenzene  obtained  in  alkylation  with  propylene  are  actually  higher 
than  in  alkylation  with  n-propyl  alcohol.  However,  in  alkylation  with  n-propyl  alcohol  at  a  temperature  above 
300*,  and  also  in  alkylation  with  isopropyl  alcohol  at  various  temperatures,  higher  yields  are  obtained  than  in 
alkylation  with  propylene.  The  difference  in  the  yields  of  isopropylbenzene  is  particularly  noticeable  at  low 


TABLE  1 


Expt. 

No. 

Rate  of  supply 
of  benzene 
(ml/ml/hr) 

'  i 

Amount  of 
reaction 

mixture 
passed  (g) 

Yield  of 
isopropyl¬ 
benzene 
(% 

57a  i 

0.4 

17 

42.5 

57b  1 

0.4 

18 

35.1 

57c 

;  0.4 

17 

26.9 

58a 

0.2 

17 

48.3 

58b 

0.2 

17 

37.1 

Note:  The  temperature  was  320*,  the  molar  ratio 
C*Hj:CjHj  =  4:1,  the  catalyst  was  30  ml  (9.5  g) 


rates  of  supply  of  the  reaction  mixture  (Fig.  2).  Thus, 
at  a  rate  of  supply  v  =  0.25  ml/  ml/ hr  and  a  temperature 
of  320*  in  alkylation  with  n-propyl  and  isopropyl  alco¬ 
hols,  the  yield  of  isopropyl  benzene  is  equal  to  58-60®^ 

(calculating  c»i  the  basis  of  alcohol  passed)  as  against 
43*^  in  alkylation  with  propylene.  The  small  increase 
in  the  yield  of  ist^ropylbenzene  (from  33  to  at  a 
a  Ihio  ’  •  -eduction  in  the  rate  of  supply  (from  1  to 
0.25  ml/ml/hr)  is  characteristic  of  alkylation  with 
propylene  (Fig.  2,  curve  III),  although  the  degree  of  conversion  calculated  for  this  temperature  according  to  the 
reaction  is  equal  to  about  80*!^.  In  our  opinion,  this  fact  is  to  be  explained  by 

rapid  deactivation  of  the  catalyst  during  the  alkylation  with  propylene.  The  data  presented  in  Table  1  are  evi¬ 
dence  of  the  presence  of  catalyst  poisoning  during  alkylation  with  propylene.  As  is  evident  from  the  data  of 
Table  1,  after  passing  17  g  of  a  mixture  of  benzene  with  propylene  over  the  catalyst,  the  yield  of  isopropylben¬ 
zene  is  lowered  by  7-8*?*  at  a  supply  rate  of  benzene  of  0.4  ml/ ml/  hr  (experiments  57a,  b,  c)  and  by 
11*^  at  a  rate  of  supply  of  benzene  of  0.2  ml/ ml  /  hr.  After  regeneration  of  the  catalyst  its  activity  is 
completely  regenerated.  The  process  of  catalyst  poisoning  during  alkylation  with  isopropyl  alcohol  proceeds 
considerably  more  slowly  (Table  2,  experiments  59a,  b,  60a,  b). 


T»itf0Hduf 

Fig.  1.  I)  Benzene  +  isopropyl  alcohol,  v  =  0.5 
0.5  ml/ ml/ hr;  II)  benzene  +  isopropyl  alcohol, 
V  =  0.25  ml/ ml/hr;  III)  benzene  +  n-propyl 
alcohol,  V  =  0.5  ml/ ml/ hour;  IV)  benzene  + 
propylene,  v  =  0.5  ml/ ml/ hr. 


The  yields  of  isopropylbenzene  in  alkylation  with  propylene  over  catalyst  over  which  the  alkylation  with 
isopropyl  alcdiol  has  already  been  carried  out,  do  not  practically  differ  from  the  yields  obtained  for  fresh  or 
regenerated  catalyst  (experiments  59c  and  60c).  After  carrying  out  alkylation  with  propylene,  the  catalyst 
also  proved  to  be  poisoned  for  the  reaction  of  benzene  with  alcohol  (experiments  59d  and  60d). 


We  set  up  experiments  in  which  the  alcohol  was  decomposed  over  aluminosilicate  catalyst  by  being 
passed  through  one  oven  and  in  which  the  propylene  obtained,  together  with  steam  entered  another  oven  to 
which  benzene  was  also  supplied.  The  yield  of  isoprowlbenzene  obtained  by  carrying  out  the  experiments  in 
this  way,  was  no  higher,  and  even  somewhat  lower  (34*^®)'  than,  in  the  ordinary  alkylation  of  benzene  with 
prooylene,  i.e.,  the  smallet  ndlsoninig  and  gieatet  yield  of  isopropylbenzene’ in;  alkylation  with  alcch'  1  in 
cfciiipariion  with,  the  yi>‘'l'.l  obtained  ini'alHylation  wdth  ,)>rbpy{<jne,  <;fn  evidently  hojibp,  exoljiincd  the  tv;i 
aV:ra'>:d.--'aciLon'  c'.  sri^a^'’7-  ••v'L'be  i!ir6f:(‘'H'a't?t./'"f-':;h,?"''!rfa::.waticn  b*  ■a'e  .'ia' afy-t'iy  a-ipare  t'i.e.  \ 
deposition  on  its  sjrface  of  "coke"  -■  highly  unsataraved  convpounds  ■  vhicii  lehd&r"  ihe  siiri'ace  of  the 
catalyst  unsuitable  for  the  reacting  molecules.  The  formation  of  "coke",  as  has  been  shown 


shown  [13,14],  is  directly  associated  with  the  redistribution  of  hydrogen  which  proceeds  readily  during  the  contact 
of  unsaturated  hydrocarbons  with  aluminosilicate  catalysts.  Inasmuch  as  the  rate  of  this  reaction  depends  on  the 
concentration  of  the  unsaturated  compounds  (  in  our  experiments  on  the  concentration  of  propylene),  which  will 
be  less  in  alkylation  with  alcohol  than  in  alkylation  with  propylene,  it  can  be  assumed  that  the  rate  of  deposition 
on  the  catalyst  of  substances  which  lead  to  its  deactivation  will  also  be  less  in  alkylation  with  alcohol.  It  seems 

to  us  that  this  circumstance  is  one  of  the  causes  which 
facilitate  the  preparation  of  higher  yields  of  isopro¬ 
pylbenzene  in  the  alkylation  of  benzene  with  alco¬ 
hol,  as  compared  with  alkylation  with  propylene. 

In  addition,  in  the  first  case,  as  has  already  been 
indicated,  the  formation  of  alkylbenzenes,  evidently 
can  proceed  not  only  due  to  the  reaction  of  benzene 
with  the  propylene  which  is  formed  by  the  dehydra¬ 
tion  of  the  alcohol,  but  also  due  to  its  direct  con¬ 
densation  with  alcohol.  If  these  two  reactions  pro¬ 
ceed  parallelly,  this  will  also  facilitate  higher 
yields  of  alkylbenzenes. 

The  alkylation  cf  benzene  with  ethyl  and 
butyl  alcohols  under  conditions  analogous  to  the 
conditions  of  the  experiments  involving  the  alkyl¬ 
ation  with  propyl  alcohols,  hardly  proceeds  at  all. 

In  experiments  with  ethyl  alcohol  the  yield  of 
ethylbenzene  amounted  to  about  of  the  theo¬ 
retical;  in  alkylation  with  tertiary  butyl  alcohol 
only  an  insignificant  quantity  of  tertiary  butylben- 
zene  was  isolated;  and  in  experiments  with  iso¬ 
butyl  alcohol  no  alkylbenzenes  at  all  were  obtained. 

TABLE  2 


Expt. 

No. 

1 

Alkylating 

agent 

Rate  of  supply  of 
the  reaction  mixture 
(benzene) 

Amount  of  reaction 
mixture  passed  (g) 

Yield  of  isopro¬ 
pylbenzene  (*^>) 

59a 

iso-C8H70H 

0.5 

16 

48.2 

59b 

iso-C^H70H 

0.5 

16 

45.3 

59c 

CH8CH=CHj 

0.4 

17 

38.9 

59d 

iso-C^H^OH 

0.5 

16 

23.5 

60  a 

iso-CjH^OH 

0.2 

18 

63.1 

60b 

iso-C,H^H 

0.2 

18 

60.0 

60  c 

CHjCH=CH2 

0,2 

17 

44.5 

60d 

iso-CjM^OH 

0.2 

15 

37.5 

60  e 

CH8CH=CHj 

0.15 

17 

26.0 

Note:  The  temperature  was  320*,  the  molar  ratio  C^Hi;  iso-CjHjOH  =  4:1. 

Alkylation  with  Alkyl  Halides 

It  was  found  in  the  study  of  the  alkylation  of  benzene  with  alkyl  halides  that  high  yields  of  alkylbenzenes 
were  obtained  oiivly  in  the  alkylations  with  isopropyl  chloride,  n-propyl  bromide  and  isopropyl  bromide.  In  the 
alkylation  with  ethyl  bromide  the  yield  of  ethylbenzene  amounted  to  not  more  than  10  -15*^  of  the  theoretical, 
while  in  alkylation  with  isobutyl  bromide  only  an  insignificant  quantity  of  tertiary  butylbenzene  was  obtained. 

Alkylation  with  isopropyl  chloride,  n-propyl  bromide  and  isqpropyl  bromide  was  carried  out  at  expeii- 


Fig,  2.  1 )  Benzene  and  isopropyl  alcohol;  II)  ben¬ 
zene  +  n-propyl  alcohol;  III)  benzene  +  propylene. 
The  temperature  of  the  experiments  was  320*;  the 
molar  ratio  benzene  :  alccdiol  (propylene)  =  4;1. 


, 


mental  temperatures  of  260  to  360®,  a  rate  of  supply  of  the  reaction  mixture  of  0,5  ml/  ml  of  catalyst  per  hour, 
and  a  molar  ratio  of  benzene  to  alkyl  halide  of  4:1.  Under  these  conditions  the  chief  alkylation  product  was 
propylbenzcne;  the  quantity  of  polyalkylbenzenes  (chiefly  p -diisopropylbenzene)  amounted  to  10-15®/o  of  the  total 
weight  of  the  alkylbenzene  fraction.  Alkylation  with  normal  propyl  bromide  was  accompanied  by  isomerization 
of  the  alkyl  group  and  the  reaction  product  was  isopropylbenzene,  just  as  in.  alkylation  with  isopropyl  chloride  and 
isopropyl  bromide.  _ 


The  experimental  data,  found  by  us  for  the  depen¬ 
dence  of  the  yield  of  isopropylbenzene  (in  percentages 
of  the  theoretical  yield)  on  the  experimental  temper¬ 
ature  in  alkylation  with  various  propyl  halides,  are  graph¬ 
ically  presented  in  Fig.  3.  The  curves  obtained  in  the 
alkylation  with  isopropyl  alcohol  are  also  set  forth  for 
comparison. 

As  is  evident  from  the  data  of  Fig.  3,  the  alkyl¬ 
ation  of  benzene  with  alkyl  halides  proceeds  consider¬ 
ably  more  readily  than  alkylation  with  the  correspon¬ 
ding  alcohols:  at  320*  and  a  rate  of  0.5  ml  the  yield 
of  isopropylbenzene  is  equal  to  59^  in  alkylation  with 
isopropyl  chltxride,  67.5*’^  with  n -propyl  bromide  and  70  - 
74*^  with  isopropyl  bromide  as  against  49-53‘yo  in  alkyl¬ 
ation  with  isopropyl  alcohol.  This  difference  in  the 
rates  of  the  alkylation  reaction  is  particularly  notice¬ 
able  at  an  experimental  temperature  of  260*,  at  which 
the  system  is  far  removed  from  the  equilibrium  state. 

In  this  case,  in  alkylation  with  isopropyl  alcohol  the 
over -all  yield  of  isopropylbenzene  is  equal  to  27^  of 
the  theoretical,  while  in  alkylation  with  isopropyl  chlor¬ 
ide  it  reaches  45*ifc  and  with  isopropyl  bromide  60*!^. 


Fig.  3.  1)  Benzene  +  isopropyl  chloride,  v  = 

0.5  ml/ ml  per  hour;  1')  benzene  +  isopropyl 
'chloride,  v  =  0.25  ml/ ml  per  hour,  11)  benzene 
+  n -propyl  oromide,  v  =  0.5  ml/  ml  per  hour, 

111)  benzene  +  isopropyl  bromide,  v  =  0.5  ml/ ml 
per  hour;  IV)  benzene  +  isopropyl  alcohol,  v  = 
0.5. ml/ ml  per  hour,  IV)  benzene  +  isopropyl 
alcohol,  V  =  0.24  ml/ ml  per  hour. 


At  a  temperature  above  320*  the  curves  which  represent  the  results  of  the  alkylation  with  isopropyl  chloride, 
and  with  isopropyl  alcohol,  practically  coincide.  This  is  evidently  to  be  explained  by  the  fact  that  under  these 
conditions  the  yield  of  isopropylbenzene  is  still  determined  by  the  thermodynamic  equilibrium  between  isopropyl¬ 
benzene,  benzene  and  propylene.  Carrying  out  the  alkylation  with  n -propyl  bromide  and  isopropyl  bromide  at  a 
temperature  above  320®  also  leads  to  lowering  the  yield  of  isopropylbenzene;  however  at  temperature  of  340  and 
360®  it  still  remains  higher  by  10-15*^  than  in  alkylation  with  isopropyl  alcohol  and  isopropyl  chloride.  This  diff¬ 
erence,  evidently,  is  to  be  explained  by  the  greater  rate  of  the  direct  alkylation  reaction  of  benzene  with  propyl 
bromide  in  comparison  with  the  reactions  of  the  decomposition  of  propyl  bromide  into  propylene  and  hydrogen 
bromide  and  the  decomposition  of  isopropyl  bromide  into  benzene  and  propylene.  Only  the  fact  that  the  cata¬ 
lytic  decomposition  of  alkylbromides  with  formation  of  propylene  proceeds  more  difficultly  at  higher  tempera¬ 
tures  than  the  decomposition  of  alkylchlorides,  and,  that  the  decomposition  of  the  latter  proceeds  more  diffi¬ 
cultly  than  the  decomposition  of  alcohols,  is  evidence  that  the  direct  alkylaticm  reaction  (without  intermediate 
formation  of  unsaturated  compounds)  is  possible.  The  very  yields  of  isopropylbenzene  which  we  obtain  are  higher 
In  sum  in  the  alkylation  with  isopropyl  bromide,  less  in  alkylation  with  isopropyl  chloride  and  still  less  in  alkyl¬ 
ation  with  isopropyl  alcohol.  In  addition,  we  also  obtained  direct  evidence  that  alkylation  with  propyl  bromides 
at  temperatures  below  260®  proceeds  without  intermediate  formation  of  unsaturated  compounds. 

We  previously  noted  that  during  the  alkylation  of  benzene  with  propylene,  a  rapid  lowering  of  the  activity 
of  the  catalyst  occurs,  and  it  also  becomes  slightly  active  in  the  alkylation  with  isopropyl  alcohol.  The  situation 
is  otherwise  in  alkylation  with  isopropyl  bromide  (Table  3). 


As  is  evident  from  the  data  of  Table  3,  the  yield  of  isoprq)ylbenzene  in  alkylation  with  isopropyl  bromide 
after  passing  over  the  catalyst  (10  g),  42.5  g  of  a  mixture  of  propylene  and  benzene  (experiments  97c  and  97d), 
or  25.4  g  of  a  mixture  of  propylene  and  benzene  and  24.1  g  of  a  mixture  of  isopropyl  alcohol  and  benzene, 
(experiments  98b  and  98c)  is  diminished  by  a  total  of  5-8^.  In  alkylation  with  the  same  alcohol,  even  after 
passing  20-25  g  of  a  mixture  of  propylene  and  benzene,  the  yield  of  isopropylbenzene  falls  by  20-22*5^.  The  high 
yield  in  the  experiments  with  isopropyl  bromide  can  not  be  explained  by  the  freeing  of  the  surface  of  the  cata- 
l)rst  from  products  which  cause  its  deactivatim  after  alkylation  with  propylene.  Evidence  concerning  this  is  fur¬ 
nished  by  the  results  of  experiment  98e,  in  which  the  yield  of  isopropylbenzene  is  equal  in  all  to  23.2'^fc,  i.e., 
carrying  out  the  alkylation  with  isopropyl  bromide  (experiment  98d)  does  not  improve  upon  the  yield  in  alkyl - 
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ation  with  isopropyl  alcohol, 
TABLE  3 


Experiment 

No. 

Alkylating 

Agent 

1 

Amount  of  reaction 
mixture  passed  (g) 

Yield  of  isopro¬ 
pylbenzene 

97a 

iso-C^H^Br 

25.3 

68.2 

97b 

iso-CjH^Br 

23.0 

66.6 

97c 

CHsCH=CH, 

21.0 

29,7 

97d 

Cl^CH=CHj 

21.5 

21.9 

97e 

iso-CjH^Br 

20.5 

62.7 

98a 

iso-CjH^Br 

25.7 

73.0 

98b 

CHjCH=CH, 

25.4 

35.0 

98c 

Iso-C^HtOH 

24.1 

26.9 

gsd 

iso-C^HjBr 

25.2 

65.2 

98e 

Iso-CjHtOH 

25.0 

23.2 

Note:  The  temperature  was  320®,  the  rate  of  supply  of  the  reaction  mixture,  0.5  m.l/ml  per  hour  and  the 
catalyst  30  ml  (10  g\ 

TABLE  4 

Physico  Chemical  Constants  of  the  Alkylbenzenes  Obtained 


Alkylbenzene 

Boiling 

4“ 

20 

Alkylating 

point 

"D 

Found 

Calc. 

acetamido 

derivatives* 

agent 

Isopropylbenzene 

149-151® 

0.8634 

1.4914 

40.3 

40.2 

122,  124 

120 

105-105.5 

Isopropyl  alcohol 

Isopropylbenzene 

149-151 

0.8630 

1.4912 

40.3 

40.2 

121,  120 

120 

105-105.5 

n -Propyl  alcohol 

Isopropylbenzene 

148-151 

0.8626 

1.4912 

40.4 

40.2 

118,  119 

120 

104-105 

Propylene 

Isopropylbenzene 

149-152 

0.8628 

1.4915 

40.4 

40.2 

124,  120 

120 

105.5-106 

Isopropyl  chloride 

Isopropylbenzene 

150-153 

0.8623 

1.4912 

40.4 

40.2 

121,  118 

120 

104-105 

Isopropyl  bromide 

Isopropylbenzene 

149-151 

0.8628 

0.4910 

40.3 

40.2 

121,  117 

120 

104.5-105.5 

n -Propyl  bromide 

Ethylbenzene 

132-138 

0.8701 

1.4956 

- 

- 

116,  114 

106 

225-225.5*  * 

Ethyl  alcohol 

Ethylbenzene 

131 -136 

0.8694 

1.4953 

35.6 

35.5 

106,  108 

106 

225-225.5** 

Ethyl  bromide 

Tertiary - 
butylbenzene 

162-170 

0.8707 

1.4879 

44.8 

44.8 

130,  127 

134 

168-169.5 

Tertiary  - 
butyl  alcohol 

Tertiary - 
butylbenzene*  •  • 

160-170 

0.8854 

1.4863 

— 

128,  126 

134 

167-168 

Isobutyl  bromide 

•  The  acetamido  derivatives  were  prepared  by  the  method  of  Ipatieff  and  Schmerling  [15]. 

•  *  The  melting  point  presented  is  that  of  the  diacetamido  derivatives. 

•  •  •  A  test  (Beilstein's  method)  showed  the  presence  of  halogen. 


To  explain  the  high  yields  of  isopropylbenzene  in  the  reaction  of  isopropyl  bromide  with  benzene  after  the 
catalyst  appears  to  a  considerable  extent  poisoned  for  alkylation  with  prqjylene  and  isopropyl  alcohol,  the  follow 
ing  hypotheses  can  be  proposed: 

1)  Less  activation  energy  is  required  for  alkylation  of  benzene  with  isq)ropyl  bromide  than  for  alkylation 


with  propylene  and  isopropyl  alcohol,  i.e.,  the  first  reaction  proceeds  readily  after  the  deactivation  of  the  most 
active  centers  of  the  catalyst,  on  which  the  alkylations  of  benzene  with  propylene  and  alcohol  proceed. 

2)  The  alkylation  of  benzene  with  propylene  and  with  alcohol,  and  the  alkylation  with  isopropyl  bromide 
proceed  on  different  kinds  of  active  centers;  the  transformation  products  of  propylene  poison  the  active  centers 
on  which  the  first  two  alkylation  reactions  proceed. 

The  first  hypothesis  seems  more  probable  to  us.  Further  research  is  required  for  the  final  solution  of  this 
problem. 

Identification  of  the  Alkylation  Products 

The  liquid  reaction  products  were  distilled  in  a  fractionating  column.  The  constants  of  the  monoalkyl - 
benzenes  are  presented  in  Table  4. 

In  addition  to  mcmoalkylbenzenes,  diisopropylbenzene  was  isolated  from  the  combined  high -boiling  frac¬ 
tions  obtained  in  the  experiments  with  prqjyl  alcohols  and  propyl  bromides; 

B.  p.  200-206*;  4“  0.8608;  n”  1.4910;  MR^  54.6;  M  162,  156.  . 

Calculated:  MRd  54.0;  M  162 

To  determine  the  position  of  the  propyl  groups  in  the  diisopropylbenzene ,  2  g  of  it  was  acidified  by 
boiling  with  20^  nitric  acid.  Terephthalic  acid  was  obtained  as  a  result  of  the  oxidation;  this  was  proved 
by  preparii^  a  dimethyl  ester  from  it  which  had  a  m.p.  of  140*. 

SUMMARY 

1 .  An  investigation  of  the  alkylation  of  benzene  with  alcohols  and  halogen  derivatives  of  the  fatty  series 
over  aluminosilicate  catalyst  was  carried  out. 

2.  It  was  established  that  at  a  molar  ratio  of  benzene  to  alkylating  reagent  of  4:1,  the  reaction  products 
are  basically  monoalkylbenzenes. 

3.  The  highest  yields  of  alkylation  products  were  obtained  in  alkylation  with  propyl  alcohols  and  with 
propyl  halides.  Under  optimal  conditions  (temperature  300-320*,  a  rate  of^pply  of  the  reaction  mixture  of 
0.25-0.5  ml  per  ml  of  catalyst  per  hour),  the  yield  of  propylbenzene  amounts  in  alkylation  with  isopropyl  alcohol 
to  50 -60*^  of  the  theoretical,  with  n-propyl  alcohol  to  45-58^,  with  isopropyl  chloride  to  58-63*^,  with  n-propyl 
bromide  to  67^  and  with  isopropyl  bromide  to  70  -74*^.  The  formation  of  alkylbenzenes  is  insignificantly  small 
in  alkylation  with  ethyl,  isobutyl  and  tertiary -butyl  alcohols,  with  ethyl  bromide  and  with  isobutyl  bromide. 

4.  Alkylation  of  benzene  with  n-propyl  alcohol  and  n-propyl  bromide  is  accompanied  by  isomerization 
of  the  alkyl  group  and  the  reaction  product  is  isopropylbenzene.  In  alkylation  with  isobutyl  bromide,  tertiary - 
butylbenzene  is  (Stained. 

5.  In  alkylation  with  propylene,  the  activity  of  the  catalyst  is  quickly  lowered  in  the  course  of  the 
experiment.  The  reducticxi  in  catalyst  activity  in  alkylation  with  alcohols  and  alkyl  halides  proceeds  consid¬ 
erably  more  slowly.  Catalyst  which  has  been  deactivated  for  alkylation  with  propylene,  is  not  active  for 
alkylation  with  alcohols  either,  but  remains  active  for  alkylation  with  alkyl  halides. 
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KINETICS  OF  THE  HYDROGENATION  OF  THE  BENZYL  ESTER  OF  CINNAMIC  ACID 

ON  A  POROUS  NICKEL  CATALYST 
L.  A.  Buvalkina  and  D.  V.  Sokolsky 

The  hydrogenation  of  the  ethylenic  bond  in  the  benzyl  ester  of  dnnaniic  acid  has  heretofore  hardly  been 
studied  at  all.  The  hydrogenation  of  the  benzyl  ester  of  cinnamic  acid  on  a  Ni  catalyst  on  a  silica  gel,  to  which 
osmium  was  added,  was  studied  in  the  work  of  Sokolsky  and  Vyugova  [1]. 

In  the  present  work,  experimental  material  pertaining  to  the  study  of  the  influence  of  the  rate  of  mixing  on 
the  rate  of  hydrogenation  of  the  benzyl  ester  of  cinnamic  acid  at  0,  25,  and  40*  is  presented.  It  has  been  shown 
that  the  intensity  of  mixing  during  the  preliminary  saturation  of  the  catalyst  with  hydrogen  plays  a  decisive  role 
in  the  formation  of  the  porous  nickel  catalyst  with  a  standard  dispersion;  consequently  in  the  study  of  the  depen¬ 
dence  of  the  reaction  rate  on  the  rate  of  mixing,  it  occurred  to  us  to  saturate  the  catalyst  with  hydrogen  under 
maximally  intense  conditions  of  mixing.  Observation  of  this  conditiwi  in  the  preparation  of  the  catalyst  per¬ 
mitted  the  demarcation  of  the  diffusion  and  kinetic  regions  of  the  course  of  the  reaction  to  be  carried  out  mote 
readily. 

EXPERIMENTAL 

The  study  of  the  kinetics  of  the  hydrogenation  of  the  benzyl  ester  of  cinnamic  acid  was  carried  out  with  a 
chemically  pure  "Kahlbaum"  brand  preparation  with  a  m.p.  of  39*  that  was  in  complete  agreement  with  the 
literature  data. 

The  catalyst  was  prepared  by  leaching  .grains  of  a  Ni  -  A1  alloy  with  a  ccmtent  of  50*^  Ni  [dimensions  of 
^  the  grains  0.2  -0.4  mm  (No.  1)  or  0.4  -  1  mm  (No.  2)]  with  20*^*  NaOH  on  a  boiling  water  bath  for  2  hours,  after 

which  the  catalyst  was  washed  with  water  and  alcohol. 

96*^  Ethyl  alcohol  was  used  as  the  solvent.  Electrolytic  hydrogen  was  used  for  the  hydrogenaticm.  The 
apparatus  and  experimental  methods  have  previously  been  described  by  us  [2]. 

The  hydrogenation  of  the  benzyl  ester  of  cinnamic  acid  in  the  liquid  phase,  in  all  probability,  can  proceed 
with  the  formation  of  hydrocinnamic  acid  and  toluene  according  to  the  following  scheme; 


To  establish  the  direction  of  the  hydrogenation  of  the  ester  on  the  porous  nickel,  an  experiment  was  carried 
out  in  which  a  sample  of  the  benzyl  ester  of  cinnamic  acid  amounted  to  60  g.  The  catalyst  was  prepared  by 
leaching  15  g  of  Ni— A1  alloy  (with  a  content  of  30*^  Ni). 

200  ml  of  96“^  ethyl  alcohol  and  60  g  of  ether  were  added  to  the  catalyst. 

The  hydrogenation  was  carried  out  in  a  glass  vessel,  0.5  liters  in  volume,  at  room  temperature. 

8.8  liters  of  hydrogen  (11.3  liters  were  necessary  according  to  the  calculation)  was  consumed  in  the  hydro¬ 
genation  of  60  g  of  the  ester  after  675  minutes,  after  which  the  experiment  was  discontinued.  After  completion 
of  the  experiment,  the  catalyst  was  filtered  off.  The  catalyzate  in  ethyl  alcohol  soluticHi  had  the  characteristic 
odor  of  toluene.  Upon  additicxi  of  bromine  water  to  a  portion  of  the  catalyzate  (2-3  ml),  the  bromine  water 
was  not  decolorized,  which  indicated  the  absence  of  an  unsaturated  bond.  The  constant-boiling  mixture  of  alco¬ 
hol  and  toluene,  215  ml  of  which  was  formed  as  a  result  of  the  hydrogenolysis,  was  then  distilled  off. 

100  ml  of  water  was  added  to  the  same  quantity  of  this  mixtur  e:  the  mixture  was  then  intensively  extracted. 
After  separating  the  two  layers  the  upper  layer  was  dried  over  CaClj  and  fractionated.  6  ml  of  toluene  was 
thereby  obtained.  Thus,  6*2.15  =  12.9  ml  of  toluene  can  be  isolated  from  215  ml  of  the  mixture,  which  cones- 
ponds  (according  to  the  hydrogen  consumption)  to  the  calculated  quantity  of  toluene.  Water  was  added  to  the  resi¬ 
due  in  the  distillatitMi  flask  (evidently,  a  mixture  of  hydrocinnamic  acid  and  the  benzyl  ester  of  hydrocinnamic  acid) 
and  the  mixture  was  heated  to  100*.  Hydrocinnamic  acid  was  isolated  from  the  solution,-  and  after  washing  with 
cold  water  and  drying,  was  characterized  by  a  m.p.  of  48.5*,  which  is  in  accord  with  the  literature  data  for  hydro¬ 
cinnamic  acid  and  confirms  the  reaction  course  indicated  by  us. 


The  kinetics  of  the  hydrogenation  of  the  ester  at  various  temperatures  was  studied  in  subsequent  experiments. 
The  kinetic  hydrogenation  curves  and  the  results  of  these  experiments  are  presented  in  Fig.  1  and  Table  1. 

As  is  evident  from  curve  I  (Fig,  1),  the  hydrogenation  of  the  ester  at  0*  proceeds  almost  as  a  first  order 
reaction,  ,  and  the  reactions  ,  with  an  absorpticm  of  hydrogen  of  62®^  of  the  theoretical,  necessarily  proceed  at 
immeasurably  slow  rates.  This  inhibition  of  the  reaction  is  apparently  caused  by  the  formation  of  the  benzyl  ester 
of  hydrocinnamic  acid,  which  is  slightly  soluble  under  these  conditions  and  blocks  the  active  nickel  surface.  Ex  - 
periments  carried  out  at  25*  (curves  II  and  III),  showed  that  the  hydrogenation  of  the  ester  was  a  mixed  order 
reaction.  Up  to  the  absorption  of  bG.Olo  of  the  theoretical  quantity  of  hydrogen,  the  order  of  the  reaction  is  necess¬ 
arily  fractional  (convex  curves)  and  then,  on  further  absorption  of  hydrogen,  the  curves  acquire  a  linear  character. 
In  almost  all  cases,  the  reaction  does  not  proceed  to  conclusion,  since  it  proceeds  for  a  long  time  at  immeasurably 
small  rates. 

In  our  case,  a  certain  selectivity  of  the  process  on  the  porous  nickel  at  25*  is  evidence  of  the  mixed  order 
of  the  reaction.  It  can  doubtless  be  considered  that  the  hydrogenation  of  the  -CH=  CH—  bond  in  the  benzyl 
ester  of  cinnamic  acid  proceeds  initially.  The  results  of  hydrogenation  of  a  60  g  sample  of  the  ester  also  lead  to 
this  conclusion;  in  the  given  case,  the  presence  of  the  — CH  =  CH—  bond  was  not  detected  (with  bromine  water) 
after  the  absorption  of  77^  of  the  theoretically  necessary  hydrogen. 

TABLE  1 

Influence  of  the  Temperature  on  the  Rate  of  Hydrogenation  of  the  Benzyl  Ester  of  Ciimamic  Acid  on  Porous  Nickel 


0.56  g  of  porous  nickel  (No.  2);  0.5  g  of  the  ester;  25  ml  of  967o  alcohol.  The  catalyst  was  preliminarily 
saturated  with  Hj  for  15  mim'rhiecate  of  mixiig  was  840  rocking  oscillations  per  minute. 


Experiment 

No. 

Temperature 

Order  of 

the  reaction 

1/2  Vo  Hj  after 
t  minutes 

(AVo/iSt)^^  ^ 
to  the  absorp'tufe 
of  1/2  Vp  Hj 

for  hy- 
drogeholysis 

Quantity  of  Hj 
absorbed  in  the 
hydrogenation  (ml) 

150 

0* 

First 

36.0 

1.3 

- 

58.0 

128 

25 

Mixed 

10.0 

4.7 

0.016 

82.4 

129* 

25 

Mixed 

10.0 

4.7 

0.016 

83.1 

135 

40 

Mixed 

7.0 

6.6 

0.041 

84.6 

145 

50 

Mxed 

7.0 

6.6 

0.036 

85.0 

136*  • 

25 

Mixed 

23.5 

6.0 

0.010 

220.0 

Repetition  of  experiment  128 
■  The  ester  sample  weighed  1,5  g. 


The  order  of  the  reaction  was  not 
changed  by  raising  the  temperature  to  40  - 
50*  (Fig.  1,  curves  IV  and  V).  This  cir¬ 
cumstance  indicated  that  the  selectivity 
of  the  hydrogenation  of  the  ester  within 
the  limits  studied  by  us  did  not  depend 
on  the  temperature.  It  follows  that 
rate  of  hydrogenation  of  the  — HC  =  CH- 
bond  is  characterized  by  the  time  for  half- 
hydrogenatioD  and  the  average  rate,  while 
the  hydrogenolysis  is  characterized  by  the 
rate  constant  of  a  first  order  reaction. 


Fig;  1.  Hydrogenation  of  0.5  g  of  the  benzyl  ester  of  cinnamic 
acid  at  various  temperatures.  Explanation  in  the  text. 


As  is  evident  from  the  data  of 
Table  1,  raising  the  temperature  to  50*  does 
not  lead  to  increase  in  the  rate  of  the  first 
process  and  even  rather  delays  the  second. 
The  rate  constant  of  hydrogenolysis  at  50* 
was  equal  to  0.036.  In  addition,  at  50*  a  considerable  scattering  of  points  is  observed  on  the  kinetic  curve  (curve  V). 


The  kinetic  curve  for  the  hydro¬ 
genation  of  a  three-fold  sample  (1.5  g) 
of  the  ester  of  cinnamic  acid  at  25* 

(Table  1,  experiment  136)  Is  presented 
in  Fig.  2.  The  kinetics  of  the  reactiMi 
also  correspond  to  that  of  a  mixed  csder 
reaction  in  this  case.  Increase  in  the 
concentration  of  the  hydrogenated  sub¬ 
stance  leads  to  some  increase  in  the  rate 
of  hydrogenation  of  the  — CH  =  CH  —  bond, 
which  is  characteristic  f(x  a  fractional 
order  reaction  in  an  unsaturated  compound. 
The  rate  constant  of  the  hydrogenolysis 
with  increase  from  0.5  to  1.5  g  in  the 
sample  of  the  substance  being  hydrogen¬ 
ated  (XI  the  average  remains  constant  and 
equal  to  0.01. 

In  subsequent  experiments  we  studied  the  dependence  of  the  rate  of  hydrogenation  of  the  benzyl  ester  of  cinn¬ 
amic  acid  on  the  rate  at  which  the  reaction  mixture  was  shaken.  With  this  object,  two  series  of  experiments  were 
conducted.  In  the  first  series,  preliminary  saturation  of  the  catalyst  with  hydrogen  was  carried  out  at  the  same 
intensity  of  mixing  as  in  the  hydrogenatlcxi;  in  the  second  series,  the  preliminary  saturation  of  the  catalyst  with 
hydrogen  was  brcjught  about  with  a  maximum  intensity  of  shaking.  The  results  of  these  experiments  are  shown  in 
Table  2  and  Fig.  3. 

The  results  presented  in  Table  2  show  that  with  increased  intensity  of  shakii^  in  the  range  from  540  to  1340 
r(x:king  oscillations  per  minute  during  both  the  preliminary  saturation  of  the  catalyst  with  hydrogen  and  during  the 
hydrogenation,  a  steady  increase  in  the  reaction  rate  (x^curs.  As  regards  the  hydrogenolysis  constant,  it  remains  al¬ 
most  constant  both  at  small,  and  at  considerable  rates  of  9nixiqg  (within  the  limits  studied  by  us)  and  is  equal  in 
the  first  case  to  0.025  and  in  the  second  to  0.020.  This  phenomenon,  apparently,  is  caused  by  sufficient  dispersitxi 
of  the  catalyst  in  the  process  of  hydrogenaticxi  of  the  — CH  =  CH  —  bond. 

1  TABLE  2 

Influence  of  the  Intensity  of  Mixing  on  the  Rate  of  Hydrogenation  of  the  Benzyl  Ester  of  Cinnamic  Acid 

I 

!  Temperature  25®;  0.56  g  of  porous  nickel  (No.  2);  0.5  g  of  the  benzyl  ester  of  cinnamic  acid;  25  ml  of  96‘!S> 

alcohol.  The  preliminary  saturation  of  the  catalyst  with  hydrogen  was  canied  out  for  15-20  minutes.  The  order 
of  the  reaction  was  mixed  in  all  cases. 

Rate  of  shaking  during  Number  of  rocking  Half  hydro-  (AVj  /  A()j^y 

the  preliminary  satur-  oscillations  per  min-  genaticxi  up  to  the  ab- 

ation  of  the  catalyst  ute  during  the  hydro-  time  '  sorption  of 

(number  of  rocking  genation.  (minutes)  1/2  Vg 

oscillations  per  minute) 


201* 

216 

216 

11.0 

4.3 

0.030 

;  202* 

250 

250 

11.0 

4.3 

0.020 

!  203“ 

320 

320 

10.0 

4.7 

0.026 

j  204* 

400 

400 

9.5 

5.0 

0.025 

144 

540 

540 

16.0 

2.9 

0.020 

140 

680 

680 

16.0 

2.9 

0.017 

i28 

840 

840 

10.0 

4.7 

0020 

i  129*  • 

840 

840 

10.0 

0.020 

'  141 

1070 

1070 

9.5 

4.9 

0.020 

I  142 

1220 

1220 

8.0 

5.9 

0.021 

1  143 

1340 

1340 

8.0 

5.9 

0.020 

•  The  experiments  were  carried  out  with  porous  Ni  (No.  1),  prepared  from  a  50*^  very  finely  ground  alloy  (powder  type). 
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K*8o  for 
hydrogen¬ 
olysis 


Experiment 

No. 


>10  ft  iO  t0»  m  Ito  W  200  210 


Fig.  2.  Hydrogenation  of  1.5  g  of  the  benzyl  ester  of  cinnamic 
acid. 


In  this  connection,  it  is  curious  that  experiments  Nos.  201-204,  carried  out  with  porous  nickel  from  a  very 
finely  divided  alloy  (powder  type),  exhibited  a  very  feeble  dependence  of  the  rate  of  hydrogenation  on  the  inten¬ 
sity  of  mixing  (from  216  to  400  rocking  oscillations  per  minute). 

In  the  aggregate,  these  data  indicate  the  essential  role  of  the  so-called  "secondary  crystalline  formations", 
v^hich,  as  Rubinshtein  [3]  showed,  consist  of  blocks  and  druses  of  the  primary  crystals  and  determine  such  proper¬ 
ties  of  the  catalyst  as  its  specific  surface,  density,  porosity  and  the  character  of  the  aggregation  of  the  "primary 
crystals". 

In  connection  with  the  question  under  consideration  of  the  influence  of  the  rate  of  mixing  on  the  rate  of 
hydrogenation,  it  is  impossible  to  ignore  the  physical  state  of  the  "secondary  crystalline  formations",  i.e.,  the 
dispersion  of  the  catalyst.  The  dispersion  of  the  catalyst  is  undoubtedly  directly  dependent  on  the  conditions  of 
the  stirring;  consequenfly  varying  intensity  of  the  jnixing  during  the  preliminary  saturation  of  the  catalyst  with 
hydrogen  creates  irregular  conditions  for  the  genesis  of  the  porous  nickel. 

In  this  connection  it  was  of  Interest  to  study  the  influence  of  the  rate  of  mixing  on  the  rate  of  hydrogenation 
of  the  ester  with  a  strictly  standard  catalyst.  This  study  was  carried  out  at  0,  25,  and  40".  In  these  experiments 
the  preliminary  saturation  of  the  catalyst  with  hydrogen  was  carried  out  with  a  greater  intensity  of  the  shaking  of 
the  "duck"  (1080  rocking  oscillations  per  minute).  The  intensity  of  the  shaking  of  the  reaction  mixture  during  the 
hydrogenation  varied  from  200  to  1320  rocking  oscillations  of  the  "  duck"  per  minute.  The  experimental  data  are 
presented  in  Fig .  3. 

In  comparing  the  experimental  results  presented  in  Table  2,  with  the  results  presented  in  Fig.  3,  it  is  not 
difficult  to  note  the  substantial  influence  of  the  rate  of  the  mixing  during  the  preliminary  saturation  of  the  cata¬ 
lyst  with  hydrogen  on  the  rate  of  hydrogenation  of  the  ester. 

It  is  not  possible  to  set  a  boundary  for  the  conversion  of  the  "diffusion"  region  into  the  "kinetic"  region  from 
the  data  of  the  first  series  of  experiments  (Table  2). 


The  dispersion  of  the  catalyst  is  constant  under  conditions  of  maximum  intensity  ofshaking  of  the  mixture 
during  the  preliminary  saturation  of  the  catalyst  with  hydrogen  (Fig.  3).  This  circumstance  permits  the  demarc¬ 
ation  of  the  regions  of  the  reaction  to  be  carried  out  graphically;  iif  the  process  is  carried  out  in  the  "kinetic" 
region,  the  reaction  rate  is  characterized  by  a  constant  value. 

The  hydrogenolysis  constant  does  not  depend  on  the  rate 
of  mixing  in  the  ranges  studied  by  us  and  corresponds  at  a  tem¬ 
perature  of  25*  to  a  value  of  0.016  and  at  40*  to  0.040.  The 
apparent  activation  energy  of  the  hydrogenolysis  in  this  tem¬ 
perature  range  proved  to  be  equal  to  13950  cal/ mole. 

The  positicMi  of  the  transition  boundary  of  the  "diffusion" 
region  into  the  "kinetic"  region  depending  on  the  temperature 
Is  noteworthy.  As  the  curves  show  (Fig.  3),  this  transition  is 
brought  about  at  greater  rates  of  stirring  at  higher  temperatures. 
Thus,  at  0*  the  transition  boundary  is  found  at  about  250,  at 
25*,  at  around  270,  and  at  40",  at  around  300  rocking 
oscillations  per  minute. 

We  also  found  a  similar  mle  in  the  hydrogenation  of 
dimethylacetylenylcarbinol  [2];  this  is  completely  expli¬ 
cable  if  one  takes  account  of  the  fact  that  the  temperature 
coefficient  of  the  reaction  is  considerably  higher  than  the 
temperature  coefficient  of  diffusion.  The  difference  in  the 
temperature  coefficients  in  the  "diffusion"  and  in  the  "kin¬ 
etic"  regions  was  shown  in  the  case  of  sunflower  oil  in  the 
work  of  Elovich  and  Zhabrova  [4], 

The  data  presented  in  Fig.  3,  permit  the  calculation  by  the  Arrhenius  formula  of  the  apparent  activation 
energy  in  the  "diffusion"  and  "kinetic"  regions.  The  results  of  these  calculations  are  placed  in  Table  3. 

It  is  evident  from  the  data  of  Table  3,  that  at  a  comparatively  low  temperature,  (0  -  25*),  both  in  the 
"diffusion*  and  in  the  "kinetic"  regions,  the  temperature  coefficient  is  considerable  and  the  value  of  the  apparent 
activation  energy  corresponding  to  it  is  6880  cal/ mole  in  the  "diffusion"  region  and  7960  cal/ mole  in  the 
kinetic  region.  At  higher  temperatures  (25-40*)  the  temperature  coefficient  has  a  lower  value  both  in  the  "diff¬ 
usion"  and  in  the  "kinetic”  regions;  the  apparent  activation  energy  in  the  "diffusion"  region  is  characterized 


^i- 


Fig.  3.  Influence  of  the  rate  of  mixing  on 
the  rate  of  hydrogenation  of  the  benzyl  es¬ 
ter  of  cinnamic  acid  at  various  temperatures. 
1)0*  n)25*  HI)  40*  IV)  40*  (Nl  No.  2). 


by  a  value  of  3900  cal  /  mole  and  in  the  "kinetic",  by  4400  cal/ mole. 
TABLE  3 


Reaction  regicai  and 
rate  of  mixing 

(AVj  /^)g^y  (in  ml/ minute)  up  to  the 
absorption  o*f.l/2  Vq  Hj  at  the  given 
temperature 

Apparent  activation  energy  (  +  500 
cal  /  mole)  in  the  given  temperature 
range 

0“ 

25“ 

40* 

50* 

0-25* 

25-40“ 

40-50“ 

Diffusion  region,  210  rocking 
oscillations  per  minute 

0.9 

2.9 

4.5 

- 

6880 

3900 

- 

Kinetic  region,  800  rocking 
oscillations  per  minute 

1.4 

4.8 

6.7 

6.7 

7960 

4400 

0 

The  activation  energy  for  hydrogenation  of  the  -CH=  CH-  bond,  calculated  in  the  temperature  range  40-50“ 

(in  the  "kinetic"  region^  ,  is  equal  to  zero. 

The  diminution  of  the  temperature  coefficient  of  the  reaction  may  be  a  result  of  the  fact  that  with  increase 
in  temperature,  the  ratio  of  concentrations  of  the  reacting  components  changes  at  the  surface  of  the  catalyst.  To 
confirm  this,  it  would  be  necessary  to  use  the  potentiometric  method  of  investigation  which  makes  it  possible  to 
measure  accurately  the  ctxicentration  of  one  of  the  reacting  substances  on  a  surface  [5]. 

SUMMARY 

1.  It  was  established  that  the  hydrogenation  of  the  benzyl  ester  of  cinnamic  acid  proceeds  with  rupture  of  the 
0~C  bond  at  room  temperature  on  porous  nickel,  and  the  reaction  products  are  toluene  and  hydrocinnamic  acid. 

2.  It  was  shown  that  the  rate  of  hydrogenation  of  the  ester  up  to  the  absorption  of  56%  of  the  theoretical  quantity 
of  hydrogen  is  comparatively  great  _  under  these  conditions  the  hydrogenation  of  the  — CH  =  CH—  bond  proceeds; 
hydrogenolysis  proceeds  at  low  rates. 

3.  The  influence  of  the  rate  of  mixing  on  the  rate  of  hydrogenation  of  the  ester  at  0,  25,  and  40*  was  studied.  It 
was  shown  that  the  intensity  of  mixing  in  the  preliminary  saturaticm  of  the  catalyst  with  hydrogen  plays  a  decisive 
role  in  the  genesis  of  the  catalyst. 

4.  With  the  use  of  the  mixingfactor,  demarcation  of  the  "diffusion"  and  "kinetic"  regions  of  hydrogenation  of 
the  -CH  =  CH-bond  at  various  temperatures  was  carried  out.  It  was  established  that  the  hydrogenolysis  constant 
at  25  and  40®  does  not  depend  on  the  rate  of  stirring  (in  the  limits  of  200  -  1320  rocking  oscillations  per  minute 
of  the  "duck").  At  low  temperatures  (0  and  25*),  there  are  high  values  for  the  activation  energy  (7-8  kcal/  mole) 
in  both  regions  of  hydrogenation  of  the  -CH  =  CH  -  bond.  At  high  temperatures  (from  25  to  50®) ,  the  temperature 
coefficient  of  hydrogenation  of  the  — CH  =  CH  —  bond  is  insignificant  and  the  apparent  activation  energy  diminishes 
to  zero. 

The  apparent  hydrogenolysis  energy  in  the  25-40* temperature  range  is  equal  to  13950  cal/ mole. 
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MERCAPTANS  AND  DISULFIDES  AS  CHAIN  TRANSFER  AGENTS 
IN  THE  THERMAL  POLYMERIZATION  OF  STYRENE 
V.  A.  Dinaburg  and  A.  A.  Vansheidt 

In  the  chain  polymerization  of  vinyl  compounds,  initiated  by  free  radicals,  along  with  the  three  basic  reac¬ 
tions  -  the  formation  of  active  centers,  the  growth  of  chains  and  their  inactivation  -  so-called  chain  transfer 
reactions  often  occur  which  lead  to  a  more  or  less  marked  lowering  in  the  molecular  weight  of  the  polymer  ob¬ 
tained  without  lowering  the  over-all  rate  of  the  polymerization. 

These  reactions  ordinarily  proceed  during  the  polymerization  of  vinyl  compounds  in  the  presence  of  organic 
solvents  which  contain  hydrogen  or  halogen  and  proceed  particularly  readily  in  the  presence  of  alkylmercaptans. 
The  latter  are  often  used  in  technology  under  the  name  of  regulators  or  modifiers,  since  even  insignificant  addi¬ 
tions  of  these  substances  to  a  monomer  are  capable  of  evoking  marked  change  in  the  molecular  weight  and  pro¬ 
perties  of  the  end  products  of  the  reaction. 

In  the  process  of  chain  transfer  there  usually  occurs  the  breaking  away  by  the  growing  chain  RM«^  of  an 
atom  of  halogen  or  hydrogen  (X)  or  of  regulator  XY,  with  simultaneous  formation  of  a  new  free  radical  Y*  , 
which,  reacting  with  the  monomer,  yields  the  beginning  of  a  new  growing  chain  YMjj  .  Consequently,  in  spite 
of  the  frequent  breaking  off  of  chains,  the  reaction  is  not  terminated  and,  as  a  result  of  the  repeated  transfer  of 
chains,  polymer  molecules  are  formed.the  ends  of  which  are  mostly  saturated  with  X  and  Y  radicals. 

The  kinetics  of  these  reactions  was  studied  for  the  first  time  by  Kamensky  and  Medvedev  [1]  in  the  case 
of  polymerization  of  vinylacetate  in  benzene  solution  and  by  Medvedev,  Koritskaya  and  Alekseeva  [2]  in  the 
case  of  polymerization  of  styrene  in  the  presence  of  benzene,  its  homologs  and  cyclohexane. 

On  the  other  hand,  Mayo  [3]  indicated  that  at  a  low  polymerizaticHi  the  dependence  ~  ^  ^ 

applies,  where  pg  and  p  are  the  degrees  of  polymerization  of  the  polymer  obtained  in  the  absence  of  regulator, 
and  at  a  molar  ratio  of  regulator  to  monomer  equal  to[S]  /  [M]. 

Consequently,  quantities  which  are  the  reciprocals  of  the  average  extent  of  polymerization  (1/ p)  of  the 
polymer  obtained,  are  linear  functions  of  the  ratio  [S]/  [M]  and  depend  on  a  certain  constant  C,  which  Mayo 
called  the  transfer  constant  of  the  chain, and  is  equal  to  the  ratio  of  the  rate  constants  of  the  reactions  of  transfer 
and  of  growth  of  the  chains.  Thus  the  constant  C  characterizes  the  degree  of  activity  of  the  solvent  as  an  agent 
of  chain  transfer. 

This  constant  was  determined  by  Mayo  [4]  for  a  number  of  hydrocarb<Mis  and  their  halogen  derivatives,  and 
it  turned  out  that  with  increasing  mobility  of  the  hydrogen  in  the  hydrocarbons,  it  increased,  for  example  in  pro¬ 
gressing  from  benzene  to  fluorine  (at  100“)  from  1.84-10*  to  1,24*10"*  ,  i.e.,  by  almost  700  times.  At  100®,  carbon 
tetrachloride  proved  to  be  1000  times  more  active  than  benzene.  As  regards  the  mercaptans,  the  constants  for  only 
a  few  of  them  are  given  in  the  literature,  specifically  for  4 -alkylmercaptans  [5,6,8],  3-ethoxypropanthiol  and  the 
ethyl  ester  of  thioglycolic  acid  [5].  Their  magnitude  (at  60“)  reaches  3.8  for  tertiary -butylmercaptan  and  20.0  for 
primary  alkylmercaptans,  i.e.,  it  exceeds  the  constant  for  benzene  at  60“  (0.18-10"®)  by  a  million  times. 

The  great  activity  of  mercaptans  can  be  explained  by  the  greater  mobility  of  the  hydrogen  of  the  SH  groups 
in  them,  which,  as  a  consequence  of  this,  is  readily  torn  off  by  the  growing  radicals  with  simultaneous  formation  of 
RS*  radicals  which  initiate  the  growth  of  new  chains.  Consequently,  the  end  products  of  polymerization  in  these 
cases  are  polymers  of  the  composition  RS(CjHg)j^H,  which  was  confirmed  by  their  analysis  [7,9]. 

As  regards  information  of  chain  transfer  by  disulfides,  such  information  is  still  limited  to  the  data  of  Snyder 
[7]  on  the  polymerization  of  styrene  in  the  presence  of  diisopropylxanthogendisulfide,  which  proved  to  be  a  rather 
strong  chain  transfer  agent.  However  its  chain  transfer  constant  was  iU3t  determined,  any  more  than  the  chain  trans¬ 
fer  constants  of  other  disulfides,  although  it  can  be  assumed  that,  as  a  consequence  of  the  instability  of  the  S  — S 
bond,  the  capacity  to  transfer  chains  by  the  following  scheme  should  be  more  or  less  inherent  in  all  of  them : 

RMn*  +  R'S-SR’ - >•  RMjjSR’  +  R’S- 

R’S-  +  nM - VR'SMjj 


The  material  published  in  the  literature  does  not  permit  one  to  judge  whether,  to  what  extent  and  in  which 
directions  the  nature  of  the  radical  in  compounds  of  the  RSH  and  RSSR  type  influences  their  activity  in  the  process 
of  chain  transfer,  i.e.,  on  their  capacity  to  enter  into  reaction  with  growing  chains,  with  the  formation  of  new  free 
radicals. 

Consequently,  we  synthesized  a  number  of  mercaptans  and  disulfides  which  contain  various  fatty,  fatty - 
aromatic,  aromatic  and  heterocyclic  radicals  and  determined  their  chain  transfer  constants  in  the  process  of 
thermopolymerization  of  styrene  at  100® in  the  absence  of  oxygen.  The  constants  were  determined  by  Mayo's 
method  in  the  majority  of  cases  (when  their  magnitude  did  not  exceed  5.0),  I.e.,  via  the  determination  of  the  aver¬ 
age  molecular  weights  of  the  polymers  obtained  in  the  presence  of  various  quantities  of  regulator  at  low  polymer¬ 
ization.  However,  in  the  case  of  the  highly  active  mercaptans,  this  method,  as  a  consequence  of  the  rapid  consump¬ 
tion  of  mercaptan  even  in  the  initial  stages  of  polymerization,  did  not  yield  correct  results.  Consequently  in  these 
cases  we  used  (where  this  was  possible)  another  method  of  determining  the  chain  transfer  constant,  which  was  based 
on  the  determination  of  the  quantity  of  polymer  formed  and  of'unreacted  mercaptan  remaining  in  the  process  of 
polymerization  of  styrene  [8]. 

The  results  of  these  experiments  are  set  f(»th  in  Tables  1  and  2,  from  which  it  is  evident  that  the  chain  trans¬ 
fer  constants  of  the  compounds  which  wee  investigated  vary  within  very  wide  limits,  specifically  from  0.0045  to 
28.0. 

It  follows  from  Table  1,  that  all  the  primary  alkylmercaptans  and  their  derivatives  which  contain  the  Cl^SH 
group  are  characterized  by  great  magnitudes  of  the  constants  of  the  order  of  15.0  and  more,  and,  thus,  are  power¬ 
ful  chain  transfer  agents,  while  the  secondary  octylmercaptan  with  C  =  3.2  is  considerably  less  active.  A  similar 
difference  in  activity  between  primary  and  tertiary  mercaptans  was  found  by  Gregg,  Aldeimann  and  Mayo  [5]  in 
.he  case  of  the  primary  dodecylmercaptan  (c  =  18.7  at  60*)  and  tertiary -butylmercaptan  (C  =  3.6)  .  Thus,  the 
:)c:currence  of  the  SH  group  in  the  middle  of  the  chain  markedly  lowers  the  activity  of  the  mercaptan.  However, 
lengthening  the  chain  hardly  influences  the  degree  of  the  activity  of  primary  mercaptans,  as  the  table  shows. 
However,  the  introduction  of  the  COOR  group  in  the  alpha  position  to  the  SH  group  considerably  increases  the  ac  - 
tivity  of  the  mercaptan.  This  is  evident  in  the  case  of  the  methyl  ester  of  thioglycolic  acid  investigated  by 
us  (C  =  27.6)  and  also  from  the  data  of  the  authors  named  above  for  the  lethyl  ester  of  the  same  acid  (C  =  58  at 
60®). 

We  succeeded  in  determining  the  constant  of  thioglycolic  acid  itself  (C  >  14)  only  by  a  viscosimetric 
method  and  its  true  value  must  be  at  least  twice  as  large  as  was  observed  fcx:  the  ester  of  this  acid.  It  is  evident 
from  this,  that  the  carboxyl  group,  found  in  the  alpha  position  to  an  SH  group,  increases  the  activity  of  the  latter 
no  less  strongly  than  the  CCX)C1%  group. 

TABLE  1 

Analogous  considerations  force  us 
to  assume  that  the  constant  of  the  thio- 
acetic  acid  (C  >  14.7)  is  actually  consid¬ 
erably  higher,  i.  e.,  that  the  CHjCO- 
group,  directly  bound  to  the  SH  group, 
also  markedly  activates  the  latter. 

As  regards  the  disulfides,  as  is 
evident  from  Table  1,  they  are  a  hun¬ 
dred  and  even  a  thousand  times  less  ac  - 
five  than  the  corresponding  mercaptans. 
Thus,  for  example,  in  proceeding  from 
n -butylmercaptan  to  dibutyldisulfide,  the 
chain  transfer  constant  is  diminished  by 
2250  times.  However,  as  the  chain  is 
elongated  (from  Cj  to  Cjt)  the  constants 
of  the  disulfides  visibly  increase  (from 
0.0045  to  0.024),  as  a  consequence  of  which 
the  difference  in  the  degree  of  activity  of 
mercaptans  and  disulfides  is  diminished. 


Chain  Transfer  Constants  of  Aliphatic  and  Aliphatic -Aromatic 
Mercaptans  and  Disulfides 


R 

RSH 

RSSR 

C1%CH,- . 

- 

0.0045 

Cl^CI^llCH,- . 

15.4 

0.0068 

CH,(CH,)tCH,- . 

15.3 

0.0104 

Ci%(CH,),CH,- . 

15.1 

- 

CH,(CH,)i^H,- . 

14,7 

0.024 

Cl^(Cl^)aCHCH, . 

3.2 

0.0104 

C^-Chi- . 

25.5 

0.011 

p-Cl^OCjHjCl^ . 

26.0 

0.021 

a-C^HT-CH,- . 

24.6 

0.033 

-CH,C(X)H . 

>  14.0  • 

0.20 

-ci^ccxx:h, . 

27.6 

0.10 

CHjCO- . 

>  14,7  • 

- 

CjHjCO- . 

>  6.23  • 

0.11 

(CHjjfcOCHCSS  - . 

- 

>7.5  • 

*  The  constants  were  determined  viscosimetrically  and 
therefore  are  less  than  the  true  values. 


A  still  greater  increase  in  the  activity  of  the  disulfides  is  observed  under  the  influence  of  the  CCXDR  group, 
as  is  evident  in  the  case  of  the  dithiodiglycolic  acid  (C  =  0.2)  and  its  ester  (C  =  0.1). 

This  is  evidence  that  lengthening  the  chain,  and  also  introduction  into  the  chain  of  a  carboxyl  group  in  the 
alpha  position,  reduces  the  strength  of  the  S— S  bond  in  disulfides. 

As  regards  the  influence  of  the  introduction  of  aromatic  nuclei  into  alkylmercaptans  and  disulfides  in  the 
alpha  position,  as  is  evident  from  Table  1,  in  the  mercaptans  it  is  expressed  as  a  1.7  -  1.8 -fold  increase  in  the 
activity  of  the  primary  alkylmercaptans,  but  has  little  influence  on  the  activity  of  the  disulfides.  For  example, 
primary  dihexyldisulfide  and  dibenzyldisulfide  hardly  differ  from  each  other  in  the  magnitude  of  the  ccxistant. 
However,  replacement  of  the  phenyl  group  in  the  latter  by  the  8-  naphthyl  group  increases  the  constant  to  0.03, 
evidently  also  as  a  consequence  of  weakening  of  the  S— S  bond. 

Judging  by  the  magnitude  of  the  chain  transfer  constant,  this  bond  is  still  more  weakened  in  dibenzoyl- 
disulfide  which  is  analogous  to  benzoyl  peroxide  but  in  contrast  to  the  latter,  dibenzoyldisulUde  hardly  accel¬ 
erates  the  polymerization  of  styrene  at  all. 

Thus,  although  the  bond  between  atoms  of  sulfur  and  dibenzoyldisulfide  is  somewhat  weakened,  it  is  never¬ 
theless  comparatively  strong. 

On  the  other  hand,  although  diisopropyldixanthogendisulfide  also  has  slight  influence  on  the  rate  of  polymer! 
zation  of  styrene,  the  constant  found  for  it  vise osimetric ally  is  C  =  7.5,  which  must  actually  be  still  larger  and 
markedly  differs  in  its  exceptionally  large  magnitude  from  the  constant  of  the  other  disulfides  which,  evidently, 
is  to  be  explained  by  the  presence  in  this  disulfide  of  the  very  unstable  grouping  — C  -S  -S  -C  -  • 

S  S 

TABLE  2 

Aromatic  and  Heterocyclic  Mercaptans  and  Disulfides 


R 

1  RSH 

1  RS-SR 

^  of  the  polymer 

C 

^  of  the  polymer 

C 

CsHg- 

7-12 

0.08 

3.7 

0.14 

-CH,C6H4- 

14-16 

0.07 

4.5 

0.15 

B-CjoHy- 

10 

0.18 

4.0 

0.36 

fl  -CjjHy-- 

9-16 

0.15 

4.2 

1.57 

p-CjHjOCjHi- 

11-13 

0.13 

3.7 

0.33 

0  -  C2H40CfH4  ~ 

3.5 

25.1 

4.2 

0.075 

0-HOCOC4H4- 

3.5 

<14.7 

- 

- 

o-CHjOCOC,H4- 

3.0 

17.0 

4.0 

0.20 

/N 

4.0 

0.26 

3.5 

2.73 

O- 

4.3 

0.21 

_  1 

- 

In  proceeding  to  the  aromatic  and  heterocyclic  mercaptans  and  disulfides,  which  are  characterized  by  the 
presence  of  a  direct  bond  of  the  sulfur  atoms  with  the  aromatic  nuclei  or  heterocyclic  rings,  the  marked  differ¬ 
ence  of  the  constants  of  many  representatives  of  these  ’  groups  of  compounds  from  those  of  the  aliphatic  and 
aliphatic -aromatic  compounds  should  be  noted. 

The  chain  transfer  constants  of  these  compounds  and  the  average  polymer  yields  obtained  in  their  pre¬ 
sence  are  compared  in  Table  2. 


The  mercaptans  of  this  type  are  characterized  in  the  majority  of  cases  by  very  low  chain  transfer  constants,  which 
vary  from  0,07  to  0.26.  Thus,  in  their  activity  they  are  100-200  times  less  than  the  primary  and  25-30  times  less  than 
the  secondary  and  tertiary  alkylmercaptans.  This  group  includes  thiophenol,  thio-p-cresol,  p -ethoxy -thiophenol  and 
a  -  and  6-thionaphthols  and  also  2-mercaptobenzthiazole  and  2 -mercaptobenz midazole.  At  the  same  time  it  should 
be  noted,  that  thiophenol  and  its  para -substituted  derivatives,  and  also  thionaphthols,  cause  an  increase  in  the  yields  of 
polystyrene  from  3. 5-4.0  to  7—16^,  i.e.,  a  2—4-fold  acceleration  of  the  polymerization,  possible  as  a  consequence  of 
their  autooxidation  with  formation  of  peroxides  [13,14].  However,  the  ortho -substituted  derivatives  of  thiophenol,  which 
ccHitain  oxygen  as  a  substituent,  such  as,  for  example,  o-ethoxythiophenol,  thiosalicylic  acid  and  its  methyl  ester,  are 
distii^uished  by  high  constants  of  the  order  of  17.0—25.0,  i.e.,  are  not  second  to  primary  alkylmercaptans  in  their  ac¬ 
tivity.  However,  in  contrast  to  the  thiophenols  and  their  para -substituted  derivatives,  they  are  Incapable  of  accelerating 
the  polymerization  of  styrene. 

As  regards  the  disulfides  which  correspondto  the  mercaptans  indicated  above,  they  all  had  comparatively  high 
constants,  the  magnitude  of  which  varied  from  0.14  to  2.7,  as  a  consequence  of  which  the  disulfides  under  consider¬ 
ation  (with  the  exception  of  the  ortho -substituted  compounds)  proved  to  be  2 -10  times  more  active  than  the  corres¬ 
ponding  mercaptans. 

The  increasing  activity  of  the  aromatic  disulfides,  which  rises  from  the  phenyl  derivatives  through  the  6-naph¬ 
thyl  to  the  fl -naphthyl  and  benzthiazolylic  disulfides  can  be  explained  as  a  weakening  of  the  S-S  bond  under  the  in¬ 
fluence  of  unsaturated  radicals  adjacent  to  the  sulfur  atoms  similarly  to  what  is  observed  more  clearly  with  the  cen¬ 
tral  C— C  bond  of  hexaarylethanes,  which  undergoes  rupture  with  formation  of  free  radicals  merely  as  a  result  of  en¬ 
tering  into  solution.  However,  judging  by  the  fact  that  these  disulfides  do  not  substantially  change  the  rate  of  poly¬ 
merization  of  styrene  even  at  large  chain  transfer  constants  of  the  order  of  2.0,  the  rupture  of  their  S— S  bond  under 
the  conditions  of  the  polymerization  is  evidently  accomplished  only  due  to  their  reaction  with  the  growing  chains, 
and  the  ArS*  radicals  formed  from  them  are  sufficiently  active  to  cause  the  formation  of  new  chains. 

The  low  activity  of  thiophenols,  thionaphthols  and  heterocyclic  mercaptans,  is  possibly  associated  with  the 
presence  in' them  of  the  C=C-SH  and  N=C-SH  groups,  which  are  distinguished  by  an  increased  acidity  and  a  ten¬ 
dency  to  split  off  hydrogen  in  the  form  of  a  proton  and  not  of  an  atom,  as  is  required  for  the  chain  transfer  mechan¬ 
ism.  The  increased  activity  of  the  aliphato -aromatic  mercaptans  of  the  ArCHjSH  type  in  comparison  with  alkylmer¬ 
captans  can ,  on  the  contrary,  be  explained  by  the  lowered  degree  of  their  acidity  under  the  influence  of  aryl  groups, 
since  it  is  well  known  that  replacement  of  the  hydrogen  of  the  Ci^  gtoup  by  aryl  groups  increases  the  basic  prcperties 
of  the  carMnol.  The  marked  increase  in  the  chain  transfer  constant  in  passing  from  thiophenol  and  its  para -substituted 
derivatives  to  oxygen -containing  ortho  derivatives  is,  however,  most  unexpected. 

In  this  connection,  a  particularly  significant  example  is  that  of  the  isomeric  ethoxythiophenols,  of  which  the 
para-isomer  is  distinguished  by  a  very  low  activity  (C  =  0.13),  while  the  ortho-isomer,  on  the  contrary.  Is  remarkably 
active  (C  =  25.4).  However,  the  high  activity  of  other  compounds  which  contain  oxygen  in  positions  5  and  6  relative 
to  the  hydrogen  of  the  SH  group,  for  example,  thiosalicylic  and  thioglycolic  acids  and  their  esters  (C  =  17  and  28)  is 
also  very  significant. 


The  high  activity  of  all  these  compounds,  apparently,  is  caused  by  their  cyclizati. on  due  to  the  formation  of 
intramolecular  hydrogen  bonds  of  the  S— H.  .  .  O  type.  The  formation  of  hydrogen  bonds  in  the  case  of  oxygen  ana¬ 
logs  of  these  compourids,  for  example,  salicylic  acid  and  guaiacol,  has  long  been  known  and  demonstrated  by  various 
methods.  As  regards  the  mercaptans,  tlieir  properties  give  no  basis  for  assuming  the  presence  in  them  of  hydrogen 
bonds  of  the  S  — H .  .  .  S  type;  these  bonds  can  not  arise  in  the  given  case  due  to  the  insufficient  electronegativity  of 
sulfur.  However,  there  are  data  which  indicate  the  possibility  of  the  formation  of  intermolecular  S— H.  .  .  O  bonds 
in  solutions  of  mercaptans  in  ethers  [15].  There  are,  therefore,  grounds  for  assuming  that  such  bonds  arise  within  the 
molecules,  in  particular,  if  their  formation  leads  to  the  formation  of  stable  5-  and  6-membered  rings.  In  particular, 
theory  would  lead  one  to  expect  the  possibility  of  the  formation  of  such  rings  in  the  case  of  the  afore-mentioned  o- 
ethoxythiophenol  (I),  thiosalicylic  acid  and  its  esters  (II)  and  thioglycolic  acid  and  its  esters  (III),  and  also  does  not 
exclude  the  possibility  of  the  formation  in  the  case  of  thioacetic  and  thiobenzoic  acids  of  8-membered  rings  of  a  type 
(IV),  analogous  to  that  which  is  assumed  in  the  case  of  carboxylic  acids.  However,  these  assumptions  requite  experi- 
menal  confirmation  and  the  problem  of  the  activating  influence  of  hydngen  bonds  of  the  S  —  H.  ,  .O  type  on  the 
capacity  of  mercaptans  to  transfer  chains  is  still  unsettled. 
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EXPERIMENTAL 


We  prepared  22  mercaptans  and  20  disulfides  (Tables  1,2).  They  were  all  isolated  in  the  pure  form  and  had 
the  constants  indicated  in  the  literature. 

The  initial  styrene  was  subjected  to  careful  purification,  dried  and  vacuum  distilled  before  use.  On  heating 
to  99®  in  sealed  ampoules  in  the  absence  of  air,  it  was  3.5*^  polymerized  after  2  hours,  i.e.,  the  normal  rate  of 
polymerization  [10]  was  detected  which  is  indicated  for  the  absence  of  inhibitors  or  accelerators. 

To  determine  the  chain  transfer  constants,  precisely  weighed  samples  of  the  mercaptan  or  disulfide  were 
dissolved  in  5  g  of  styrene  in  10  to  20  ml  ampoules  of  standard  form  which  were  washed,  steamed  and  dried  before 
the  experiment.  They  had  two  inlet  tubes  in  the  upper  portion  —  to  charge  the  reagents  and  to  connect  the  system 
with  a  vacuum.  The  first  inlet  tube  was  sealed  after  chargii^.  To  prevent  the  influence  of  oxygen,  air  was  eli¬ 
minated  from  the  ampoule  by  carefully  displacing  it  with  nitrogen  purified  from  oxygen  and  evacuating  it  to  a 
vacuum  of  2  mm,  whereupon  the  styrene  solution  was  congealed  with  dry  ice.  After  repeating  the  operation 
of  filling  with  nitrogen  and  evacuating  for  3  or  4  times,  the  ampoules  were  sealed  in  a  vacuum  and  heated  in  a 
thermostat  and  99  +  0.5*  for  2  hours,  after  which  they  were  quickly  cooled  with  water  and  opened.  With  the 
object  of  determinii^  the  yield  of  polymer  (it  did  not  ordinarily  exceed  5%)  a  sample  was  taken  from  the  solution 
to  find  the  coefficient  of  refraction.  The  content  of  polymer  in  the  solution  was  calculated  by  the  formula  [8]: 

°!o  polymer  =  1.73‘10**  An^,  where  Ar^  is  the  difference  between  the  coefficient  of  refraction  of  the  solution 
before  and  after  polymerization;  As  the  experiments  showed,  the  yield  of  polymer  determined  in  this  way  coin¬ 
cided  with  the  yield  found  by  weighing  the  polymer  precipitated  from  methanol  solution. 

To  determine  the  molecular  weight  of  the  polymers,  the  latter  were  precipitated  from  a  solution  of  a  5  - 
fold  quantity  of  ’  methanol  ’  '  and  dried  in  a  vacuum  at  80®  to  constant  weight.  The  specific  viscosity  of  their 
benzene  solutions  was  then  determined  at  20®  at  various  polymer  concentrations,  and  in  all  cases  a  linear  depen¬ 
dence  of  the  quantity  rj^p  /  c  on  the  concentration  c  was  observed. 

The  characteristic  viscosity  [jj]  was  found  by  graphic  extrapolation  of  the  quantity  rj^p  /  c  to  zero  con¬ 
centration,  The  average  numerical  molecular  weight  of  the  polymers  was  calculated  by  the  formula  Mj^  = 

184000  [n]  introduced  by  Gregg  and  Mayo  [11]  for  polystyrenes  obtained  in  the  polymerization  of 

styrene  in  the  presence  of  carbon  tetrachloride  at  low  percentages  of  conversion. 

With  the  object  of  finding  the  chain  transfer  constants  which  characterize  the  sulfur  compounds  under  study, 
the  polymerization  of  styrene  was  carried  out  at  3  or  4  different  concentrations  of  each  compound,  and  depending 
on  the  degree  of  activity  of  the  latter,  the  molar  ratio  of  reagents  [XY]  /  [M]  was  varied  within  limits  of  from 
0.0001  to  0.016  moles  of  the  substance  under  investigation  per  mole  of  styrene. 

The  experiments  showed  that  all  the  mercaptans  and  disulfides  investigated  by  us  to  a  greater  or  lesser 
extent  lowered  the  average  degree  of  polymerization  (p)  of  the  polystyrenes  obtained  in  their  presence,  while 
the  magnitudes  of  1/p  increased  linearly  in  accord  with  the  Mayo  equation  with  increase  in  the  ratio  [XY]  /  [M]. 
This  dependence  is  expressed  by  straight  lines  for  various  compounds  which  intersect  at  the  point  l/p^j,  corres¬ 
ponding  to  the  value  of  1/p  for  pure  styrene,  but  which  have  varying  inclinations  as  a  consequence  of  the  varying 
degree  of  activity  of  the  compounds  taken. 

The  chain  transfer  constants  (C)  were  calculated  from  these  data  by  the  Mayo  formula,  on  the  assumption 
that  at  an  insignificant  depth  of  polymerization  the  ratio  of  the  reagents  in  the  polymerization  process  remains 
practically  constant.  However,  in  the  case  of  highly  active  mercaptans  with  C  z  5 ,  the  constants  obtained  by 
this  method,  as  a  consequence  of  the  rapid  consumption  of  the  mercaptan,  remained  considerably  lower  than  the 
true  values.  In  these  cases  the  constants  (C)  of  the  mercaptans  were  also  determined  by  us  by  titration  of  the  amount 
of  mercaptan  which  was  not  consumed  in  the  polymerization  at  various  degrees  of  conversion  of  the  monomer  into 
the  polymer  [8]. 

We  accomplished  the  quantitative  determination  of  mercaptans  in  the  solution  by  the  method  of  Kolthoff 
and  Harris  [12],  i.e.,  by  the  amperometric  titration  of  mercaptan  with  silver  nitrate  in  the  presence  of  ammonia. 
With  this  object  the  solution  of  the  mercaptan  in  styrene  was  heated  in  sealed  ampoules  at  99*  for  various 
lengths  of  time,  after  which  an  exactly  weighed  sample  of  the  polymerizate  was  diluted  with  methyl  or  ethyl 
alcohol,  the  polymer  was  filtered  off  and  washed  with  alcohol,  and  the  mercaptan  was  determined  in  the  filtrate 
by  the  method  indicated  above. 

The  constants,  found  by  this  method,  were  calculated  according  to  the  formula: 

^  2-log^o(RSH) 

2  -  log‘^(M) 


1 
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where  (RSH)  and  (M)  are  the  quantiles  of  unreacted  substances  (mercaptan  and  monomer),  expressed  in  percent-  r 

ages  of  the  initial  quantities. 

The  experimental  data,  on  the  basis  of  which  the  average  values  indicated  in  Tables  1  and  2  fox  the  chain 
transfer  constants  of  the  mercapuns  and  disulfides  studied  by  us  in  the  styrene  polymerization  process  were  calcu¬ 
lated  .  are  presented  in  Tables  3  and  4. 

TABLE  3  I 


TABLE  4 


Type  of 
reeulator 

R- 

S-H 

R-S- 

5-R 

[RSH] 

of 

[h] 

10’ 

Sthl  .io» 

looi 

tnl 

-^•10* 

R 

[M] 

polymer 

P 

[M] 

polymer 

P 

I 

2.08 

7.1 

1.354 

0.370 

2.08 

3.6 

1.062 

0.52 

CfiHs-  \ 

4.16 

8.8 

1.070 

0.514 

4.16 

3.6 

0.760 

0.83 

1 

8.33 

12.1 

0.748 

0.849 

8.33 

3.8 

1.536 

1.35 

1 

0.00 

3.4 

2.074 

0.200 

2.08 

4.1 

1.062 

0.52 

p-CH,CeH4- 

4.16 

13.8 

1.125 

0.479 

8.33 

4.1 

0.494 

1.14 

1 

8.33 

15.6 

0.770 

0.815 

12.5 

5.0 

0.388 

2.13 

2.08 

10.6 

1.144 

0.47 

1.04 

3.6 

1.010 

0.56 

p-CjHsOCeHi-  < 

4.16 

13.0 

0.820 

0.74 

2.08 

3.6 

0.723 

0.89 

1 

— 

— 

— 

— 

4.16 

3.8 

0.479 

1.58 

2.08 

8.7 

1.112 

0.49 

0.52 

3.8 

0.646 

1.04 

a  -C10H7-  < 

4.16 

13.0 

0.867 

0.69 

1.04 

4.0 

0.432 

1.83 

1 

8.33 

16.1 

0.700 

0.93 

2.08 

4.7 

0.273 

3.48 

I 

2.08 

10.4 

0.946 

0.61 

0.416 

3.6 

1.340 

0.375 

0-CioHr-  ^ 

4.16 

9.7 

0.710 

0.91 

1.04 

3.8 

0.992 

0.572 

__ 

— 

— 

— 

4.16 

4.3 

0.475 

0.603 

' 

1.04 

3.5 

1.070 

0.51 

0.26 

3.3 

0.714 

0.91 

C6H4^ 

2.08 

3.5 

0.829 

0.74 

0.52 

3.8 

0.470 

1.63 

4.16 

4.1 

0.578 

1.22 

1.04 

3.6 

0.300 

3.05 

. 

- 

0.104 

4.3 

1.941 

0.223 

0.52  * 

3.8 

0.220 

4.71 

0.208 

4.3 

1.820 

0.244 

1.04 

4.0 

0.142 

8.69 

— 

— 

— 

— 

2.08 

5.2 

0.095 

15.26 

0.104 

3;8 

01720 

0.89 

1.04 

3.8 

1.514 

0.32 

CjHsCO-  ^ 

0.208 

3.1 

0.508 

1.46 

4.16 

4.3 

1.242 

0.42 

0.416 

3.8 

0.361 

2.35 

8.33 

4.0 

0,614 

1.12 

0.104 

3.6 

0.430 

1.84 

0.42 

3.6 

1.564 

0.30 

HOCOCH2  - 

0.208 

3.6 

0.281 

3.34 

1.25 

3.3 

1.140 

0.47 

I  0.416 

3.6 

0.190 

5.78 

2.08 

3.5 

0.950 

0.61 

f 

!  0.104 

3.6 

0.4k 

1.82 

0.104*  • 

3.6 

0.462 

1.67 

0-HOCOC6H4- 

’  0.208 

!  3.5 

0.280 

3.36 

0.208 

!  3.5 

0.270 

3.53 

1  0.416 

j  3.5 

0.183 

6.09 

1  0.416 

1  3.6 

0.184 

6.05 

*  R  =  (CHjl^CHOCS- 

•  •  The  regulator  was  CHjCOSH 


3.  The  introduction  of  aromatic  radicals  into  the  alpha -position  to  the  SH  group  markedly  increases  the  ac¬ 
tivity  of  the  alkylmercaptans,  but  the  direct  linkage  of  this  group  with  aromatic  nuclei  or  heterocyclic  rings  leads 
to  a  marked  reduction  in  the  activity  of  the  mercaptan. 

4.  A  considerable  increase  in  the  constants  is  also  observed  upon  the  introduction  of  alkoxy  or  carboxylic 
groups  into  the  alpha-position  to  the  SH  group  in  aliphatic  mercaptans,  and  into  the  ortho -position  to  the  SH  group 
in  thiophenols,  which  can  be  explained  by  the  formation  of  intramolecular  hydrogen  bonds  of  the  S— H  ...  O  type 
with  the  formation  of  5-  and  6-membeted  rings. 

5.  Dialkyldisulfides  are  distinguished  by  a  low  activity.  Replacement  of  the  alkyl  groups  by  aromatic  and 
heterocyclic  radicals  causes,  however,  a  marked  Increase  in  the  values  of  the  chain  transfer  constants,  as  a  con¬ 
sequence  of  which  many  aromatic  disulfides  display  a  greater  activity  than  the  corresponding  thiophenols.  Of  the 
disulfides  investigated,  dilsopropyldixanthogendisulfide  proved  to  be  exceptionally  active. 
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SYNTHESIS  AND  CONVERSION  OF  o  -  GLYCOLS  OF  THE  ETHYLENIC  SERIES  .  II 


L.  F.  Chelpanova  and  V.  A.  Kormer 


The  investigation  of  the  conversions  of  a -glycols  (pinacols)  of  the  ethylenic  series  under  the  influence  of 
acidic  catalysts  is  of  interest  not  only  as  an  attempt  to  fill  the  specific  gap  in  the  literature  concerning  the 
ethylenic  a  -glycols,  but  also  as  an  opportunity  to  observe  the  manifold  forms  of  conversions  which  are  observed 
among  the  pinacols  of  tlie  acetylenic  series  [1]. 

In  the  present  work  are  described  the  conversions  of  the  trans  isomer  of  2-methyl -2, 5-diphenylpentene-4- 
diol-2,3  heated  in  the  presence  of  14  and  2Q°h  alcdiolic  solutions  of  sulfuric  acid.  This  glycol  was  obtained  by 
the  catalytic  hydrogenation  of  the  corresponding  acetylenic  glycol  —  2-methyl-3.5-diphenylpentyn-4-diol-2,3 

P]. 


On  heating  the  trans  isomer  of  the  ethylenic  glycol  (m.p.  85-86*)  with  a  14*^  alcoholic  solution  of  H1SQ4 
to  55-60*,  about  70*^  of  the  initial  glycol  (m.p.  85-86*)  was  recovered,  as  well  as  about  fj’h  of  a  yellow-orange 
oily  substance  which  was  not  investigated  on  account  of  the  small  yield;  consequently,  subsequent  experiments 
were  carried  out  with  a  20*^  alcdiolic  solution  of  HjSQt  at  60  -70*.  Under  these  conditions  30*^ (calculating  on 
the  basis  of  the  initial  glycol)  of  a  light  yellow  oily  substance  with  a  b.p,  of  210*  at  15  mm  was  isolated  from 
the  acidic  solution.  The  substance  had  an  empirical  formula  of  gave  a  negative  reaction  for  the 

hydroxyl  group,  and  decolorized  an  aqueous  solution  of  potassium  permanganate  and  bromine  water.  Two  iso¬ 
meric  dinitrophenylhydrazones  with  melting  points  of  68*  and  172*  were  isolated  as  a  result  of  the  action  on  it 
of  2,4-dinitrophenylhydrazine  (similar  cases  have  been  described  in  the  literature  [3]). 


The  formation  of  an  unsaturated  ketone  is  satisfactorily  explained  by  the  assumption  that  the  glyco  1  under 
investigation  undergoes  the  pinacolic  rearrai^ement  in  the  presence  of  H1SO4  which  is  observed  in  ditertiary 
a  -glycols  under  the  influence  of  acidic  catalysts.  In  the  present  case,  the  reaction  can  theoretically  go  in 
three  directions:  _ 

CjHj 


CH,  -COH  -COH  -CH  =  CH  -CsHc 

I  I 

CHj  CjHg 


CH.  -C  -CH  =  CH  -C«Hs 

i  I 

^  (I) 


H5C,  O 


(ID 


CH. 

C^  -CH  =  CH  -C  — C  -CgH, 


CH,  O 


(HI) 


The  structure  of  the  unsaturated  ketone  was  demonstrated  by  oxidation  with  an  aqueous  solution  of  potassium 
permanganate  while  the  solution  was  heated.  The  oxidation  products  —  acetophenone,  acetic  and  benzoic  acids 
—  permit  the  structure  of  3 -methyl-3,5 -diphenylpenten-4 -one -2  (I)  to  be  assigned  to  this  substance.  The  oxi¬ 
dation  data  were  confirmed  by  investigation  of  the  absorption  spectrum  of  the  ketone  in  the  infrared  and  ultra¬ 
violet  regions. 


In  view  of  the  theoretical  possibility  of  obtaining  three  different  unsatuiated  ketones,  we  compared  the  ultra¬ 
violet  absorption  curves  of  the  following  substances:  the  trans  isomer  of  2 -methyl-3,5 -diphenylpentene-4-diol -2,3, 
the  trans  isomer  of  3-methyl -3, 5-diphenylpenten-4-one-2,  benzalacetope,  syn  .-methyl-phenylethylene  and  pro- 
pylphenylketone.  *  It  is  evident  from  the  figure  that  the  absorpticxi  curves  of  the  ketone  being  investigated  are 

•  The  ultraviolet  absorption  spectra  were  recorded  on  a  ISP -22  quartz  spectrograph.  An  "Etalon"  works  hydrogen 
lamp  served  as  the  source  of  ultraviolet  radiation  with  a  continuous  spectrum.  A  cuvette  with  a  variable  thickness  and 
with  a  maximum  layer  thickness  of  10  mm  was  used  in  taking  the  spectra.  Hexane  solutions  of  concentrations  varyii^ 
from  0.01  to  0.001  mole/ ml  were  investigated.  The  method  of  equal  blackening  was  used  for  the  photomeasurements. 


characterized  by  the  presence  of  two  bands  with  X  2990  amd  2500  A.  The  curves  of  the  initial  glycol  and  the  ketone 
being  investigated  have  an  identical  kind  of  absorption  with  a  maximum  X  2500  A.  We  assumed  that  the  absorption 
band  with  X  2500  A  was  caused  by  the  presence  in  the  initial  glycol  of  the  atomic  grouping  -CH  =  CH— CgHs',  which 
is  preserved  in  the  transformation  product.  This  is  quite  well  confirmed  by  the  absorption  curve  of  CH>  — CH  =  CH  — CjHg 
which  has  one  band  with  X  2540  A.  The  preservation  of  the  absorption  band  with  X  2500  A  is  caused  by  the  presence 
of  the  atomic  grouping  — CH  =  CH  -CjHj,  which  is  possible  in  the  ketone  under  investigation  only  when  the  latter  is 
isolated  from  the  carbonyl  group.  In  the  opposite  case,  as  is  evident  from  the  absorption  curve  of  benzalacetone, 
the  band  with  X  2500  A  does  not  appear. 

The  absorption  band  in  the  ketone  under  investigation  with 
X  2990  A  characterizes  the  presence  of  the  carbonyl  group.  The 
curve  cited  for  the  absorption  of 

CjHj  -CO  -CHj  -CHj  -CH, 

S’  excludes  the  presence  in  the  ketone  under  investigation  of  the 

atomic  grouping  (CjH,— CO  — ). 

2  .  What  has  been  set  forth  above  completely  confirms  the 

data  obtained  during  the  oxidation,  and  permits  the  structure  of 
3-methyl-3,5-diphenylpenten-4-one  -2  (I)  to  be  assigned  to 
the  isomerization  product;  this  is  confirmed  quite  well  by  the 
available  literature  data,  which  refer  to  the  great  mobility  of 
a  hydroxyl  group  which  stands  in  the  alpha -position  to  an 
unsaturated  bond  [4]. 


'H09  3St>  30C  Z5t  ZCffXfitfi, 

1)  Trans  isomer  of  2-methyl-3,5-diphenyl- 
pentene-4-diol-2,3;  2)  trans  isomer  of  3- 
methyl  -3,5 -diphenylpenten -4  -one -2 :  3) 
benzalacetone;  4)  sym.-methylphenyl 
ethylener5)  propylphenylketone. 

EXPERIMENTAL 

Preparation  of  3  -  methyl  -  3 , 5 -diphenylpenten -4  -  one -2  (I) 

4  g  of  the  trans  isomer  of  2-methyl-3,5-diphenylpentene-4-diol-2,3  with  a  m.p.  of  85-86*  was  heated  with  a 
20*^  alcoholic  solution  of  H,S04  [5  ml  of  HjSQ*  (d  1.84)  per  40  ml  of  QHjOH  (96^)]  for  5  hours  at  60-70*.  The 
mixture  gradually  assumed  a  yellow  color  which  subsequently  was  converted  into  a  cherry  red  color.  Upon  com¬ 
pletion  of  the  heating  the  mixture  was  diluted  with  250  ml  of  cold  water,  and  an  ether  extract  was  made.  The 
acidic  solution  was  neutralized  after  ether  extraction  with  soda  and  did  not  contain  any  organic  substances.  This 
substance,  obtained  from  the  ethereal  extract  [after  distillation  under  reduced  pressure  (210*,  15  mm)]  consisted 
of  a  li^ht  yellow  oil  with  a  pleasant  odor.  The  experiment  was  repeated  with  30  g  of  the  substance  and  gave  ana¬ 
logous  results: 

1.0506;  n*J)  1.5782;  MRp  79.00;  Calc.  77.70 

9.08  mg.  sub.:  28.80  mg  CO^;  5.99  mg  HjO.  7.27  mg  sub.:  23.04  mg  CO^;  4.77  mg  H,0.  0.2333  g  sub.; 

17.7  g  benzene:  ^0.26*.  Found‘d:  C  86.56,  86.49;  H  7.38,  7.36;  M  253.5.  Ci,Hi,0;  Calculated*^ 

C  86.40;  H  7.20;  M  250. 

The  substance  reacted  with  bromine  water  and  with  an  aqueous  solution  of  potassium  permanganate,  showed 
the  absence  of  the  hydroxyl  group  with  Grignard  reagent  and  the  presence  of  the  keto  group  with  2,4-dinitrophenyl- 
hydrazine.  The  2,4  -dinitrophenylhydrazones  of  the  substance  under  investigation  were  obtained  under  the  usual 
conditioiu  [5].  In  5  minutes  after  mixing  alcoholic  solutions  of  the  substance  and  2,4-dinitrophenylhydrazine,  a 
red  precipitate  settled  out,  which  was  filtered  off  and  recrystallized  from  ethyl  alcohol  with  a  small  addition  of 
ethyl  acetate. 


On  the  following  day  after  lecrystallization,  red  crystals  settled  out.  The  mother  liquor  was  left  to  stand.  Toward 
the  end  of  the  day,  light  yellow  crystals  precipitated  from  it  which  were  once  more  recrystallized  from  alcohol.  The 
red  crystals  melted  at  68-70*,  the  yellow,  at  172-173*. 

Investigation  of  the  Dinitrophenylhydrazone  with  a  M.P.  of  68-70*. 

4.01  mg  sub.:  6.453  ml  1^  (2!^*,  765  mm).  3.^8  mg  sub.:  0.370  ml  (19*.  775  mm).  7.02  mg  sub.:  17.23 
mg  CO^;  3.21  mg  H,0.  Found  %  N  13.16,  13.06;  C  66.90;  H  5.18.  C24Ha04N4.  Calculated  %  N  1302, 

C  67.00;  H  5.11. 


Investigation  of  the  Dinitrophenylhydrazone  with  a  M.  P.  of  172-173*. 

5.74  mg  sub.:  0.655  ml  1^(  20  ^  760  mra^.  4.77  mg  sub.;  0.496  ml  (20*,  761  mm).  Found  N  12.89, 
12.95.  C^HuOtN*.  Calculated‘S):  N  13.02. 

The  two  hydrazones  with  different  melting  points  were,  apparently  geometrical  isomers.  Upon 

heating  the  red  isomer  (m.p.  68-70*)  above  its  melting  point  it  was  converted  into  the  yellow  isomer  with  a 
m.p.  of  172-173*.  Both  hydrazones  gave  a  negative  pyrazoline  reaction. 

Oxidation  of  the  ketone 

An  acetophenone,  which  gave  a  2, 4 -dinitrophenylhydrazone  with  a  m.p.  of  237*,  was  isolated  by  oxidation 
with  an  aqueous  solution  of  potassium  permanganate  (1.5  g  ketcMie;  0.9  g  KMn04;  60-70*)  and  by  the  usual  sepa¬ 
ration  of  the  neutral  and  acidic  oxidation  products  from  the  neutral  substances.  The  aqueous  solution  of  the  acidic 
products  contained  benzoic  acid  with  a  m.p.  of  122.0*,  which  was  characterized  by  a  mixed  melting  point  test, 
and  acetic  acid,  characterized  by  analysis  of  the  silver  salt. 

0.0535  g  shb:  0.0582  gCft;  0;9156  g  HjO.  Found ‘^o;  C  14.57;  H  1.61;  Ag  65.01.  CHjCOOAg 
Calculated  C  14.45;  H  1.81;  Ag  64.67. 

SUMMARY 

Upon  the  dehydration  of  2 -methyl-3,5 -diphenylpentene4-diol -2,3  under  the  influence  of  a  20‘^  alcdiolic 
solution  of  HjS04,  a  pinacolic  rearrangement  occurs,  as  a  result  of  which  3-methyl-3,5-diphenylpenten-4-one-2, 
which  has  not  been  described  in  the  literature,  is  formed.  Two  2,4-dinitrophenylhydrazones  of  this  ketone  with 
m.p.  of  68-70  and  172-173*  -were  obtained. 
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CONFIGURATION  AND  PROPERTIES  OF  UNSATURATED  ACIDS  AND  THEIR  DERIVATIVES 


II.  PROPERTIES  OF  CINNAMIC  ACIDS  AND  THEIR  ESTERS 
A.  K.  Plisov  and  A.  I.  Bykovets 

We  have  shown  in  preceding  communications  [1]  that  the  influence  of  radicals  at  the  double  bond  is  mani¬ 
fested  differently  in  the  cis  and  trans  forms  of  such  unsaturated  acids  as  oleic  and  petroselinic  acids  and  their 
esters.  In  addition,  it  was  established  that  the  cis  and  trans  forms  of  the  esters  of  these  acids  act  differently 
in  reactions,  associated  with  their  ester  groups  at  the  same  time,  the  magnitude  and  structure  of  the  alcohol 
radical  had  a  definite  influence. 

These  facts  impelled  us  to  set  up  experiments  to  elucidate  and  compare  the  reactivity  of  the  cinnamic 
acids  and  their  esters.  It  was  necessary  to  elucidate  the  influence  on  the  reactivity  of  these  compounds  of  a 
phenyl  and  carboxyl  or  ester  group,  directly  linked  to  the  carbon  atoms  which  were  joined  to  the  double  bond. 

The  results  of  the  experiments  set  up  for  this  purpose  are  in  excellent  agreement  with  the  data  of  our 
earlier  experiments  on  other  materials.  In  this  case,  too,  it  can  be  said  that  the  cis  and  trans  forms  of  the  cinn¬ 
amic  acids  (or  their  derivatives)  are  identically  reactive  both  in  relation  to  reactions  at  the  double  bond,  and  in 
relation  to  reactions  associated  with  the  ester  group.  In  other  words,  the  cinnamic  acids  and  their  esters  mani¬ 
fest  chemical  activity  in  accordance  with  the  theory  of  steric  hindrance.  Actually,  trans -cinnamic  acid  with 
a  m.p.  of  133*  is  oxidized  and  hydrogenated  considerably  more  slowly  than  the  cis  acid. 

It  is  necessary  to  assume  that  the  phenyl  group,  which  is  located  on  one  side  of  the  double  bond,  and  the 
carbonyl  and  ester  groups  which  are  located  on  the  other,  hamper  the  access  of  the  reagent  to  the  double  bond. 

In  the  cis  form,  in  which  both  groups  are  found  on  only  one  side  of  the  double  bond,  this  influence  is  exerted 
to  a  lesser  extent. 

As  regards  saponification  of  the  propyl  esters  of  the  cinnamic  acids,  the  opposite  picture  is  observed  here, 
as  one  was  bound  to  expect.  The  propyl  ester  of  trans -cinnamic  acid  is  saponified  more  quickly  than  the  ester 
of  cis -cinnamic  acid. 

Thus,  in  the  present  case,  the  ester  group  manifests  its  chemical  activity  differently  in  the  cis  and  trans 
forms  of  the  esters  of  the  cinnamic  acids. 

It  was  necessary  to  obtain  the  difficultly-accessible  cis-cinnamic  acid  for  the  study  of  these  questions. 

The  best  way  of  preparing  it  was  by  isomerizing  trans -cinnamic  acid  under  the  influence  of  ultraviolet  light;  under 
these  conditions,  as  is  well  known,  various  forms  of  cis-cinnamic  acid  are  obtained:  most  frequently  we  ob¬ 
tained  one  with  a  m.p.  of  42*  and  another  with  a  m.p.  of  58*.  '  ^ 

Up  to  the  present  time  the  opinion  has  been  held  that  the  three  well-known  forms  of  cinnamic  acid  with 
m.p.  of  42,  58,  and  68*  are  different  crystalline  modifications  of  the  same  acid,  the  molecules  of  which  can  be 
grouped  in  three  ways  in  the  crystals.  However,  if  the  results  of  our  experiments  involving  the  hydrogenation  and 
oxidation  of  the  cinnamic  acids  with  m.p.  of  42  and  58“  are  taken  into  account,  it  is  impossible  to  agree  with 
this.  We  firmly  established  that  the  two  mentioned  forms  of  cis-cinnamic  acid  are  hydrogenated  and  oxidized 
in  suitable  solvents  at  an  identical  rate.  Consequently,  the  question  is  not  of  the  influence  of  crystalline 
forms  on  the  reactivity,  but  of  the  different  spatial  configuration  of  the  two  forms  of  this  acid. 

There  is  no  sufficiently  clear-cut  information  regarding  this  in  the  literature.  It  is  possible  that,  in  the  present 
case,  we  have  to  do  with  a  very  rare  phenomenon,  associated  with  the  limiting  of  the  free  rotation  of  the  phenyl 
group  in  cis-cinnamic  acid.  The  latter  may  be  caused  by  the  formation  of  hydrogen  bonds  between  the  phenyl 
and  carbonyl  groups.  If  we  admit  the  possibility  of  three-dimensional,  but  not  of  plane  distribution  of  the  six 
carbon  atoms  of  the  benzene  nucleus,  then,  probably,  this  can  be  explained  by  the  presence  of  four  forms  of  ds- 
cinnamic  acid  (allocinnamic  acid).  The  three  cis-cinnamic  acids  mentioned  above  are  usually  cited  in  the 
literature,  but  in  fact,  an  additional,  fourth  acid  with  a  m.p.  of  36“,  described  by  Erlenmeyer  -  Jr.  [2] 
is  also  known.  This  form  of  cis-cinnamic  acid  has  not  been  sufficiently  studied,  and  is  not  usually  mentioned 
in  the  current  literature. 


EXPERIMENTAL 


Preparation  of  the  Cinnamic  Acids  and  their  Propyl  Esters 

Commercial  trans -cinnamic  acid  with  a  m.p.  of  133*  was  used  in  the  work,  Cis -cinnamic  acid  was  prepared 
by  us,  starting  from  the  trans -cinnamic  acid,  via  irradiation  with  ultraviolet  light  for  100  hours,  of  its  benzene 
solution,  placed  in  a  quartz  flask.  After  separating  the  mixture  of  acids  obtained  with  the  aid  of  the  aniline  salts 
and  appropriate  purification,  in  some  cases  predomilnanrly  cis -cinnamic  acid  with  a  m.p.  of  42*,  and  in  other  cases, 
the  isomer  which  melted  at  58*,  was  obtained.  The  conditions  for  obtaining  these  isomers  have  been  described  in 
greater  detail  in  the  article  by  Stoermer  [3]. 

The  propyl  ester  of  trans  -cinnamic  acid  was  prepared  by  the  usual  esterification  reaction  via  heating  trans- 
ciiinamic  acid  with  propyl  alcohol  in  the  presence  of  concentrated  sulfuric  acid.  After  purification,  the  ester  had 
a  b.p.  of  283*  and  1.409. 

The  propyl  ester  of  cis -cinnamic  acid ,  still  not  described  in  the  literature,  was  prepared  from  the  silver 
salt  of  ds-cinnamic  acid  with  a  m.p.  of  58*  and  propyl  bromide.  The  propyl  ester  of  cis-cinnamic  acid  was 
a  colorless  liquid  with  a  pleasant,  flower-like  odor  and  a  m.p.  of  122-124*  (at  15  mm):  n^  1.4244.  The  ester 
was  quite  soluble  in  alcohol,  acetic  acid  and  benzene. 

Hydrogenation  of  the  Cinnamic  Acids 

Equal  samples  of  the  cinnamic  acids  were  placed  in  identical  hydrogenation  vessels  ("goose  vessels  ")  for 
the  hydrogenation.  To  weighed  samples  of  about  0.5  g,  the  calculated  quantity  of  soda  solution  was  added  and 
palladium  catalyst,  precipitated  on  BS1SQ4  (0.05  g  of  the  catalyst  contained  0.001  g  of  Pd)  was  introduced.  The 
vessels  with  the  samples  were  placed  in  a  shaking  apparatus,  and  purified  hydrogen  was  simultaneously  passed  in 
at  low  pressure  in  an  appropriate  manner. 


The  results  of  the  hydrogenation  of  the  cinnamic  acids  are  presented  on  Fig.  1.  There  is  a  notable  difference 
between  the  quantities  of  hydrogen  added  not  only  to  the  cis  and  to  the  trans  forms,  but  even  to  the  cis-cinnamic 
acids  with  differing  melting  points. 


Fig.  2.  Oxidation  of  the  cinnamic  acids. 

1)  and  4)  Cis-cinnamic  acid  with  a  m.p.  of  58*;  2)  cis- 
cinnamic  acid  with  a  m.p,  of  42*;  3)  and  5)  trans -cinn¬ 
amic  acid, 

1),  2)  and  3)  at  a  temperature  of  23";  4)  and  5)  at  a  tem¬ 
perature  of  15®^ 


Fig.  1.  Hydrogenation  of  the  cinnamic  acids. 
1)  Cis-cinnamic  acid  with  a  m.  p.  of  58*;  2) 
cis -cinn-amic  acid  with  a  m.p,  of  42*;  3)  trans - 
cinnamic  acid  with  a  m.p.  of  133*. 


Oxidation  of  the  Cinnamic  Acids 
and  their  Esters 


Various  oxidizing  agents  were  tested  in  the  study  of  the 
oxidation  of  cinnamic  acids;  KMn04  in  acetone  and  aqueous 
solutions,  K|Cif  O7  in  acetic  acid  solution,  hydrogen  peroxide,  benzoyl  peroxide  and  perbenzoic  acid.  Some  of  them 
(KMn04  and  1%0^)  proved  unsuitable  as  a  consequence  of  the  fact  that  the  oxidation  with  these  oxidants  pro¬ 
ceeded  with  great  speed,  while  others— benzoyl  peroxide  and  perbenzoic  acid— did  not  react  at  all.  The  result  of 
these  experiments  was  that  K^CriO^,  dissolved  in  glacial  acetic  acid,  proved  usable  for  observations  on  the  rate  of 
oxidation. 


Equimoleculai  quantities  of  0.1  N  K2Cr207  solution  in  glacial  acetic  acid  were  added  in  oui  expetiments  to 
two  Identical  samples  of  the  acids  of  their  esters ,  dissolved  in  acetic  acid.  Each  of  the  forms  of  cinnamic  acid  was 
converted  into  benzaldehyde  as  a  result  of  the  oxidation. 

Curves  which  characterize  the  relative  rates  of  oxidation  of  cinnamic  acids  and  their  propyl  esters  at  tem¬ 
peratures  of  15*  and  23*  are  presented  in  Figs.  2  and  3.  The  great  difference  between  the  relative  rates  of  oxida¬ 
tion  of  the  cis  and  trans  acids  and  of  their  esters  is  also  noticeable  here.  The  esters  are  oxidized  considerably  more 
slowly  than  the  corresponding  acids.  It  is  very  important  to  note  that  oxidation  of  cinnamic  acids  with  m.p.  42  and 
58*  rproceeds  at  rates  which  are  not  identical;  the  acid  with  m.p.  42*  is  oxidized  somewhat  more  slowly  than  its 
isomer  with  a  m.p.  of  58*. 


Fig.  3.  Oxidation  of  the  propyl  esters  of  the 
cinnamic  acids. 

1)  and  2)  The  propyl  ester  of  cis-cinnamic  acid; 
3)  and  4)  the  propyl  ester  of  trans -cinnamic  acid. 
1)  and  3)  at  a  temperature  of  23*;  2)and  4)  at  a 
temperature  of  15*. 


Saponification  of  the  Propyl  Esters 
of  the  Cinnamic  Acids 


Fig.  4.  f.aponificaiion  of  t!ie  propyl  esters  of  Che 
cinnamic  acids.. ..1)  The  propyl  esters  of  ds-cinnamic 
,acid;  2)  the  propyLestors  of  trans -cinnamic  acid.^ 

:  i  .  i  , 


identical  samples  of  the  esters,  dissolved  in 
anhydrous  klcohol,  were  subjected  to  saponification 
with  alcoholic  alkah  under  identical  conditions. 

The  saponification  was  carried  out  with  a  0.1  N  sol¬ 
ution  of  alkali  at  20*.  The  alkali  was  taken  in  an  equimolecular  quantity  in  relation  to  the  amount  of  the  ester 
sample.  5  ml  samples  of  the  reaction  mixture  were  taken  at  regular  intervals  from  the  small  flasks,  which  were 
placed  in  a  thermostat.  The  quantity  of  unreacted  alkali  in  each  sample  was  determined. 

The  change  in  the  quantity  of  alkali  with  time  during  the  saponification  of  the  propyl  esters  of  the  cinnamic 
acids  is  shown  in  Fig.  4,  The  ester  of  trans -cinnamic  acid  is  saponified  more  rapidly  than  the  ester  of  the  cis 
acid. 


SUMMARY 

1.  The  propyl  ester  of  cis-cinnamic  acid  was  synthesized  and  its  properties  were  described. 

2.  A  difference  in  the  relative  rates  of  hydrogenation  of  the  cis-and  trans -cinnamic  acids  was  established: 
cis-cinnamic  acid  adds  hydrogen  more  readily. 

3.  The  oxidation  of  the  cirmamic  acids  and  their  esters  proceeds  at  varying  rates.  Cis-cinnamic  acid  and 
its  ester  are  oxidized  more  quickly  than  trans -cinnamic  acid  and  its  ester;  the  esters  are  oxidized  more  slowly  than 

the  corresponding  acids. 

4.  The  saponification  of  the  propyl  ester  of  cis-cinnamic  acid  proceeds  more  slowly  than  saponification  of 
this  ester  of  trans -cinnamic  acid. 

5.  It  was  established  that  the  so-called  "crystalline  modifications"  of  cis-cinnamic  acid  (allocinnamic  acid) 
with  a  m.p.  of  42  and  58*  have  varying  reactivities:  cis-cinnamic  acid  with  a  m.p.  of  42*  is  hydrogenated  and 
oxidized  more  slowly  than  its  isomer  with  a  m.p.  of  58*. 


6.  A  hypothesis  concerning  the  configuration  of  the  cis  form  of  the  cinnamic  acids  was  proposed. 
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CONVERSION  AND  SYNTHESIS  OF  CARBOHYDRATES 


XI.  INVESTIGATION  IN  THE  FIELD  OF  KETOSE  OXIDATION 
V,  M.  Berezovsky  and  L.  I.  Strelchunas 

In  one  of  the  preceding  communications  [1],  one  of  us  studied  the  cleavage  oxidation  of  aldose  by  oxygen 
in  an  alkaline  medium  [2].  It  was  found  that  the  formation  of  d-arabonic  acid  by  the  oxidation  of  d-glucose  pro¬ 
ceeds  only  in  a  narrow  temperature  range  between  40  and  50*;  at  a  temperature  above  50*.  another  reaction -route 
predominates,  and  at  a  temperature  below  40*  the  rate  of  the  reaction  becomes  too  small  for  the  oxidation  reac¬ 
tion  to  be  used  for  preparative  purposes. 

It  was  of  interest  to  study  the  cleavage  oxidation  of  ketose,  in  particular,  the  oxidation  of  1  -sorbose  by  oxygen 
in  an  alkaline  medium  [3],  which  proceeds  with  the  formation  of  l_-xylonic  acid.  We  showed  that  the  oxidation 
reaction  is  accompanied  by  the  absorption  of  2  oxygen  atoms  and  the<  splitting  off  of  1  carbon  atom  in  the  form  of 
formic  acid.  The  formation  of  l-xylonic  acid  in  a  yield  of  proceeds  in  the  temperature  range  24-42*;  at  a 
temperature  above  42*,  another  reaction -route  begins  to  predominate,  while  the  oxygen  requirement  of  2  atoms 
of  oxygen  per  molecule  of  ketose  is  the  same,  and  at  a  temperature  below  24*,  the  rate  of  the  reaction  becomes 
insignificant. 

The  circumstance  that,  in  the  oxidation  of  ketohexose  by  oxygen  in  an  alkaline  medium,  2  atoms  of  oxygen 
are  absorbed,  furnishes  a  basis  for  assuming  that  the  formation  of  I  -xylonic  acid  from  sorbose  can  not  proceed  via 
the  intermediate  formation  and  subsequent  oxidation  of  2-ketO'l  -gulonic  acid,  since  in  this  case  no  less  than  3 
oxygen  atoms  would  be  required  (in  accord  with  the  data  on  the  oxidation  of  2 -keto -^-gulonic  acid  by  hydrogen 
peroxide  with  2  atoms  of  oxygen  [4]).  The  absence  of  2-keto-l  -gulonic  acid  in  the  reaction  described  by  us  was 
established  by  a  negative  test  for  the  formation  of  ascorbic  acid. 

The  cleavage  of.l  carbon  atom  with  the  formation  of  formic  acid  and  the  formation  of  pentonic  acids  in 
the  oxidation  of  ketohexose  by  oxygen  in  an  alkaline  medium  gives  a  basis  for  assuming  that  the  mechanism  of 
this  reaction  is  of  the  same  kind  as  the  mechanism  of  the  oxidation  of  aldohexose  under  the  same  conditions. 

The  probable  mechanism  of  the  reaction  of  cleavage  oxidation  of  sorbose  by  oxygen  in  an  alkaline  medium  con¬ 
sists  in  an  initial  tautomeric  conversion  of  the  noncyclic  form  of  1  -sorbose  into  the  endiol  form  with  an  unsat¬ 
urated  bond  between  the  first  and  second  carbon  atoms,  which  then  undergoes  oxidation  by  molecular  oxygen 
with  rupture  of  ethylenic  bond  and  formation  of  formic  and  1  -xylonic  acids: 
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Side  reactions  can  proceed  due  to  enoUzation  at  the  second  and  third  carbon  atoms  and,  further,  with  mig¬ 
ration  of  the  double  bond,  at  the  third  and  fourth  carbon  atoms  and  so  forth;  in  this  case  the  oxidation  reaction 
will  be  accompanied  by  the  formation  of  glycolic  and  tetronic  acids  and  other  oxidation  products. 

1 -Xylonic  acid  was  isolated  from  the  oxidized  solution  in  the  form  of  the  double  cadmium  salt  with  cad¬ 
mium  bromide;  if  the  volatile  organic  acids  and  excess  quantity  of  mineral  salts  are  not  preliminarily  eliminated 
from  the  solution,  then  the  isolation  of  the  double  salt  of  cadmium  xylonate  from  the  solution  is  made  difficult. 

The  rate  constant  of  the  reaction  of  sorbose  oxidation  at  40* is  K  =  0.05446  as  against  K  =  0.01161  for  the 
glucose  oxidation  reaction  at  the  same  temperature.  Thus,  a  considerably  higher  reactivity  can  be  established 


for  ketose  in  compariscxi  with  aldoses  (approximately  4.7  times  greater)  as  regards  the  oxidation  with  oxygen  in  an 
alkaline  medium.  The  increased  reactivity  of  ketose  is  in  complete  accord  with  well  known  facts,  for  example, 
the  predominant  condensation  of  the  keto  groups  of  reductone  ( the  enol  of  hydroxymalonic  aldehyde)  with  the 
maximally  reactive  amino  group  in  position  5  in  2,4,5-triamino-6-hydroxypyrimidine  [5], 

The  formation  of  a  small  quantity  of  oxalic  acid  (about  O.S*^  of  the  theoretical)  is  observed  in  the  cleavage 
oxidation  of  1  -s<xbose  by  oxygen  in  alkaline  medium,  along  with  the  formation  of  Nxylonic  acid.  A  similar  type 
of  side  reaction  was  previously  observed  for  the  oxidation  of  aldose  [1]. 

The  method  of  single-stage  preparation  of  1-  xylonic  acid  by  cleavage  oxidation  of  ^^-sorbose  presents  con¬ 
siderable  advantages  in  comparison  with  the  two-stage  method  of  oxidizing  ^-sorbose,  which  proceeds  in  a  sodium 
bicarbonate  solution  by  the  action  of  atmospheric  oxygen  in  the  presence  of  palladium  catalyst,  initially  with 
formati(Mi  of  2-keto-^-gulonic  acid,  and  then  with  its  subsequent  oxidation  by  hydrogen  peroxide. 


EXPERIMENTAL 

Cadmium  1 -xylonate*  cadmium  bromide. 

73  g  of  _1  -sorbose,  60  g  of  potassium  hydroxide  in  a  solution  (or  an  equivalent  quantity  of  sodium  hydroxide) 
and  water  to  a  volume  of  560  ml  were  introduced  into  a  rotatir^  autoclave,  filled  with  metallic  gauze.  The  sor¬ 
bose  was  oxidized  with  oxygen  at  30-35*  for  3  hours  at  an  initial  pressure  of  30-35  atm.:  1  mole  of  oxygen  was 
absorbed  per  mole  of  ketose.  Upon  completion  of  the  oxidation,  less  than  0.5^  of  unchanged  sorbose  remained. 

The  oxidized  soluticxi  was  neutralized  with  hydrochloric  acid  (d  1.1€  ,  70-80  ml)  to  a  violet  coloration  with 
Congo  red  and  was  concentrated  in  a  vacuum.  Water  was  added  to  the  partially  crystallized  syrupy  residue  and  it 
.vas  again  concratrated  in  a  vacuum;  this  process  was  repeated  3-4  times,  until  the  almost  complete  elimination 
of  the  volatile  organic  acids.  The  mineral  salts  were  then  filtered  off,  washed  with  ice  water  and  ^-xylonic  acid 
was  isolated  from  the  filtrate  in  the  form  of  difficultly  soluble  double  cadmium  salt  with  cadmium  bromide.  For 
this  purpose,  150  ml  of  water  and.  gradually,  while  heating  to  boiling,  35  g  of  cadmium  carbonate,  were  added 
to  the  filtrate;  upon  completion  of  the  evolution  of  carbon  dioxide,  the  solution  was  filtered  and  55  g  of  cadmium 
bromide  was  added  to  it.  After  •crystallization  32.4  g  (22*^)  of  the  double  salt  of  cadmium  xylonate  was  obtained 
in  the  course  of  several  days. 

The  substance  was  recrystallized  from  a  15 -fold  quantity  of  water  for  analysis. 

Found Cd  29.70.  CuHijOttBi^Cd,' 21^0.  Calculated  *5^:  Cd  29.95. 

Kinetics  of  the  oxidation  of  j^-sorbose. 

The  study  of  the  cleavage  oxidation  reaction  of  sorbose  with  oxygen  in  an  alkaline  medium  was  carried  out 
in  a  glass  column  with  sealed-in  porous  plates,  4  cm  in  diameter;  the  apparatus  used  has  been  described  pre¬ 
viously  [1]. 

230  ml  of  aqueous  solution,  containing  36.5  g  of  1-sorbose,  was  added  to  the  column,  and  at  a  temperature 
several  degrees  below  the  assigned  temperature,  the  passage  of  oxygen  was  initiated,  after  which  50  ml  of  a  40*^ 
solution  of  sodium  hydroxide  was  added.  The  reaction  was  initially  accompanied  by  the  evolution  of  heat.  After 
the  solutions  were  mixed,  the  temperature  of  the  mixture  rose  and  remained  constant  throughout  the  entire  dur¬ 
ation  of  the  experiment  to  within  iO.2*.  The  oxygen  was  passed  for  as  long  as  was  necessary  for  the  oxidation  of 
no  less  than  95*^  of  the  sorbose  (determined  by  analysis  of  the  reducing  substance).  Upon  completion  of  the 
oxidation  reaction,  the  colorless  solution  obtained  was  treated  in  the  way  described  above  with  the  object  of  iso¬ 
lating  the  xy Ionic  acid  from  it. 

Since  the  reaction  proceeds  chiefly  in  a  fine  film  (and  to  a  lesser  extent  due  to  solution  of  the  gas  in 
the  liquid!,  the  oxygen  was  passed  at  a  rate  of  1.2  liter/ minute  (0.32-0.38  liter/ minute  per  ctr?  of  the  surface 
of  the  Schott  No.  3  plate),  which  corresponded  to  its  optimal  dispersicxi  in  the  liquid  and  to  the  creation  of  a 
maximum  contact  surface  of  the  liquid  and  gaseous  phases.  By  diminishing  the  rate  of  passage  of  oxygen  to  0.5 
liter/  minute,  the  surface  of  the  film  was  diminished,  which  was  accompanied  by  a  diminution  in  the  rate  of 
the  reaaion. 

The  temperature  factor  has  great  influence  not  only  on  the  rate  of  the  oxidation  of  sorbose  by  oxygen  in 
an  alkaline  medium,  but  also  on  the  direction  of  the  reaction.  The  results  of  experiments  at  variable  temper¬ 
ature,  conducted  under  conditions  which  created  a  maximum  surface  film  with  other  conditions  constant,  are 
depicted  in  Fig.  1. 
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Fig.  1.  Influence  of  temperature  on  the  rate  of 
the  oxidation  of  sorbose  by  oxygen  in  an  alkaline 
solution. 
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Fig.  2.  Dependence  of  the  yield  of  the  complex 
salt  of  cadmium  xylonate  on  the  temperature. 


At  24*,  25*’!^  of  the  sorbose  undergoes  oxidation  in  the  first  40  minutes,  while  more  than  6  hours  is  required 
for  the  oxidation  of  95*70.  At  30  *,  54*7’  of  the  sorbose  is  oxidized  in  the  first  40  minutes  and  3  hours  are  necessary 
for  95*70  oxidation:  at  36*,  BSlo  of  the  sorbose  is  oxidized  in  the  first  40  minutes  and  95*7>  in  1  hour  and  45  minutes; 
at  42*.  95*7’  of  the  sorbose  is  oxidized  in  the  first  49  minutes. 

Upon  raising  the  reaction  temperature  above  36*.  the  yield  of  xylonic  acid  is  markedly  diminished  with  the 
simultaneous  complete  oxidation  of  the  initial  sorbose;  the  optimal  temperature  lies  in  the  24-36*  range.  The 
yields  of  xylonic  acid  depending  on  the  oxidation  reaction  temperature  (the  yield  is  lowered  from  36.4*7>  to  13. 6*7* 
when  the  temperature  is  raised  from  24*  to  48*)  are  presented  in  Fig.  2. 

The  rate  constant  of  the  cleavage  oxidation  of  sorbose  with  oxygen  was  determined  by  us  in  an  apparatus 
with  a  Schott  No.  3  filter,  4  cm  in  diameter,  with  an  optimal  quantity  of  oxygen  being  passed  (1.2  Uter/  minute); 
the  temperature  variation  was  within  limits  of  +_  0.1*. 

The  rate  constants  of  the  reaction,  which  was  determined  by  us  to  be  mcmomolecular,  were 
^  (24*)  av.  =  ^  (30*)  av.  =  0.01840; 


K 


(40*)  av. 


0.05401. 


The  deviations  of  the  values  of  the  rate  constants  of  the  reaction  from  the  average  amounted  to  from  2  to 
3.2*7’.  The  satisfactory  constancy  of  showed  the  monomolecular  character  of  the  cleavage  oxidation  of  sor¬ 
bose  by  oxygen  in  alkaline  medium.  The  reaction  is  complex  as  regards  the  variety  of  products  obtainable;  how¬ 
ever,  the  reaction  of  monoses  with  oxygen  proceeds  in  strictly  equimolecular  ratios.  Of  the  two  reacting  mole¬ 
cules -sorbose  and  oxygen-the  variable  quantity  is  the  sorbose  concentration;  the  quantity  of  oxygen  is  stable 
and  excess. 


Just  as  in  the  oxidation  of  glucose  [1],  there  is  an  induction  period  for  the  oxidation  reaction  of  sorbose 
of  up  to  15  minutes,  in  which  period  the  rate  constant  of  the  reaction  differs  from  its  average  value. 

The  temperature  coefficient  of  the  rate  of  the  reaction  amounts  for  temperatures  of  30  and  40*  to: 


Vo‘) 

^30*) 


=  2.93. 


The  activation  energy,  calculated  by  the  Arrhenius  equation  on  the  basis  of  the  rate  constants  of  the  reaction 
for  30  and  40*,  amounts  to  A  =  20300  calcwies. 

Determination  of  oxalic  acid 

After  the  oxidation  of  36,5  g  of  sorbose,»  we  found  from  0.462  to  0.463  g  of  oxalic  acid  in  the  soluticHi.  The 
quantity  of  oxalic  acidSs  independent  of  the  temperature  conditions  under  which  the  reaction  is  conducted  and 
of  other  variable  factors.  The  determination  was  carried  out  by  isolating  oxalic  acid  from  the  neutralized  solution 
in  the  form  of  its  calcium  salt  with  subsequent  titration  with  potassium  permanganate  [1]. 


Determination  of  formic  acid 

An  0.1  portion  of  the  solution*  after  oxidation  of  36. 5  g  of  sorbose,  was  acidified  with  sulfuric  acid  solution 
and  the  excess  mineral  acid  was  then  bound  with  potassium  ammonium  tartrate.  We  steam  distilled  off  the  formic 
add  from  the  soluticxi  obtained  and  trapped  it  with  a  solution  of  calcium  carbonate  in  water;  the  volatile  non- 
acidic  compounds  were  eliminated  from  the  receiving  flask  by  steam  distillation.  After  separating  the  precipitate  , 
the  content  of  formic  acid  in  the  filtrate  was  determined  oxidimetrically.  From  7.8  to  8.4  g  of  formic  acid  was 
found  in  the  solution  after  oxidizing  36.4  g  of  sorbose;  this  amounted  to  0.84-0.90  moles  per  1  mole  of  sorbose, 
and  did  not  depend  on  the  yield  of  xy Ionic  acid  or  on  the  temperature  conditions  under  which  the  reaction  was 
conducted. 

Determination  of  2 -ketogulonic  acid 

10  ml  of  the  solution  after  the  oxidation  of  the  sorbose  was  neutralized  with  hydrochloric  acid  (about  1  ml)  , 
10  ml  of  hydrochloric  acid  (d  1.19)  was  added  to  the  mixture  and  wsas  heated  with  a  reflux  condenser  for  90  min¬ 
utes.  Titraticxi  with  potassium  iodate  demonsuated  the  absence  of  ascorbic  acid  and,  consequently,  the  absence 
of  2 -ketogulonic  acid  in  the  solution  under  investigation. 

A  control  experiment  with  the  addition  to  the  solution  under  Investigation  of  0.160  g  of  known  2-ketogulonic 
acid  and  with  the  analysis  conducted  in  the  manner  indicated  above,  demonstrated  the  presence  of  0.107  g  of 
ascorbic  acid  (i.e.,  0.53®^  in  the  solution),  which  indicates  that  the  precision  of  the  method  used  was  sufficiently 
great. 


SUMMARY 

1 .  The  kinetics  of  the  cleavage  oxidation  of  1-sorbose  by  oxygen  in  alkaline  medium  was  studied.  In  alka¬ 
line  medium,  ketoses  react  with  oxygen  in  a  strictly  equimolecular  ratio. 

2.  It  was  shown  that  ketoses  have  a  considerably  greater  reactivity  (approximately  4.7  times  greater)  than 
aldoses,  as  regards  oxidation  by  oxygen. 

3.  It  was  shown  that  the  oxidation  of  sorbose  with  the  formation  of  xylonic  acid  proceeds  in  a  narrow  tem¬ 
perature  range— at  a  temperature  above  42*,  another  reaction  route  predomin<ces.>i 

4.  The  formation  of  oxalic  acid  as  one  of  the  side  products  of  the  reaction  was  established. 

LITERATURE  CITED 

[1]  V.  Berezovsky.  J.  Gen.  Chem.,  Supp.  II,  944  (1953). 

[2]  O.  Spengler,  A.  Pfannenstiel,  Z.  Wirtschaftsgruppe  Zuckerind.,  85,  546  (1935). 

[3]  H.  Isbel,  J.  Research  Nat.  But.  Standards,  29,  227  (1942). 

[4]  V.  Berezovsky,  E.  Rodionova,  L.  Strelchunas,  J.  Gen.  Chem.,  24  ,  631  (1954). 

[5]  V.  Berezovsky,  Prog.  Chem.,  22,  191  (1953). 

Received  December  4,  1952  All-Union  Scientific -Research  Institute 


Unit  of  measurement  omitted  in  original  text.-Publisher. 


RECIPROCAL  REACTION  OF  T  RI  ALKY  LSIL  ANES  WITH  MONOC  ARBOXYLIC  ACIDS. 


A  NEW  METHOD  OF  SYNTHESIZING  TRI ALKYLACYLOX YSILANES 

AND  THEIR  PHYSICAL  PROPERTIES 
B.  N.  Dolgov,  N.  P.  Kharitonov  and  M.  G.  Voronkov 

The  present  work  is  a  continuation  of  our  investigations  devoted  to  the  study  of  the  reaction  of  the  Si— H 
bond  in  silicoorganic  compounds.  We  have  previously  studied  [1]  the  reaction  of  trialkylsi lanes  with  alcohols 
which  is  catalyzed  by  alcdiolates  of  the  alkali  metals  and  which  leads  to  the  formation  of  trialkylalkoxysilanes 
in  a  yield  of  80  -  90*^  of  the  theoretical: 

R’OH  +  HSil^  - ^  — ►  R'OSil^  +  H,. 

The  possibility  of  replacing  the  hydrogen  atom  bound  to  the  silicon  atom  with  a  primary,  secondary  or  tert¬ 
iary  alkoxy  group  was  demonstrated  as  a  result  of  the  investigation. 

Working  out  a  method  of  replacing  the  hydrogen  atom  attached  to  the  silicon  atom  with  an  acyloxy  group 
by  an  analogous  scheme  was  an  additional  goal  of  our  work: 

R’COOH  +  HSiRj  - ►  R’COOSiR,  +  H,. 

There  are  certain  indications  in  the  literature  regarding  the  possibility  of  such  substitution  [2  -4].  Reilly 
and  Post  [2],  for  example,  observed  the  conversion  of  the  Si-H  bond  into  the  Si-OCCXi^Hj  bond  in  the  reaction 
of  trialkoxysi  lanes  with  acetic  anhydride: 

(RO)sSiH  +  2(CH,CCy)jO  - (R01iSi(OCOCHj)i  +  CH5CHO+  CHjCOOR. 

Kautsky  and  Hirsch  [3]  indicate  that  acyloxy  derivatives  of  siloxene  are  formed  as  a  result  of  its  reaction  at 
the  Si  -H  bond  with  carboxylic  acids  which  can  be  represented  by  the  scheme: 

=  SiH  +  R'COOH  - >-  =SiOCOR’  +  H, . 

Acid  anhydrides  react  analogously: 

=SiH  +(RCO^O  - »-  =SiOCOR’  +  RCHO. 

However,  no  one  has  tried  to  use  these  reactions  for  the  preparative  formation  of  silicoorganic  esters  of  car¬ 
boxylic  acids.  Up  to  the  present  time,  these  compounds  have  been  obtained  by  the  reaction  of  halogens! lanes  by 
organic  acids  [5-10],  their  salts  [11-16],  anhydrides  [5],  or  esters  [17],  and  also  by  the  action  of  acid  anhydrides 
on  alkoxy  substituted  silanes  [2,16,18-22]  and  amino  substituted  silanes  [16].  The  yields  of  acyloxy  derivatives 
as  a  result  of  the  indicated  methods  of  synthesizing  them  rarely  exceeds  50^.  Trialkylacyloxysilanes  can  be 
prepared  by  the  reaction  of  trialkylsilanes  with  acid  chlorides  [23]  or  anhydrides  [24].  The  synthesis  of  tetra- 
acyloxysilanes  by  the  reaction  of  organic  acids  with  SiSj  [25]  has  also  been  described. 

It  has  been  shown,  in  the  case  of  trialkylsilanes,  in  the  present  work  that  replacement  of  the  hydrogen  atom 
bound  to  the  silicon  atom  by  an  acyloxy  group  can  be  readily  accomplished  by  catalytic  reaction  with  carboxylic 
acids  or  by  reiactioin  with  mercury  salts  of  organic  acids,  which  proceeds  according  to  the  scheme: 

RjSiH  +  Hg(OCOR’)j  - ►  I^SiOCOR*  +  Hg  +  R'COOH. 

The  reactlcm  of  trialkylsilanes  with  organic  acids  is  catalyzed  by  strong  mineral  acids  (H(S04  and  HI) 
or  by  iodine.  However,  the  best  results  were  obtained  by  using  a  powdered  mixture  of  alutninum  and  iodine,  taken 
in  a  molar  ratio  l!3;2  as  the  catalyst.  The  molar  ratio  of  aluminum  to  the  initial  trialkylsUane  amounted  to  3.7^ 
in  aU  the  experiments. 

The  reaction  of  trialkylsilanes  with  monocarboxylic  acids  was  accomplished  by  heating  to  boiling  a  mi'cture 
of  trialkylsUane  with  double  the  theoretical  quantity  of  the  organic  acid  to  which  the  catalyst  had  been  added. 
The  heating  was  carried  out  until  the  complete  cessation  of  evolution  of  the  hydrogen  which  was  always  formed  in 


the  theoretical  quantity.  After  distilling  off  the  excess  acid,  the  reaction  mixture  was  distilled  over  metallic  copper 
(to  eliniinate  free  iodine)  and  rectified  in  a  column.  The  high-boiling  trialkylacyloxysi lanes  were  vacuum  distilled. 

The  yields  of  trialkylacyloxysi  lanes  amounted  to  81-87^  of  the  theoretical  when  they  were  synthesized  by 
the  indicated  method. 

TABLE  1 


Data  on  the  Experiments  involving  the  Reaction  of  Trialkylsilanes  with  Monocarboxylic  Acids 


C,H5 

CH, 

174*  i 

2.5 

86.4 

C,Hj 

'  190 

1.0 

85.1 

CjH, 

n-CjHr 

207 

3.0 

82.0 

Ctik 

(CH,),CH 

200 

1.0 

83.7 

CtHs 

n-QH, 

230 

2.5 

83,2 

CjH, 

(CH,)jCHCH, 

220 

4.0 

84.0 

C,H, 

C,Hg(CH,)CH: 

220 

2.0 

83.3 

CjH, 

(CH,)5C 

208 

1..5 

87.8 

n-QHu 

245 

2.0 

85.0 

qn, 

275 

1.5 

81.0 

C1H5 

C*H, 

265 

1.5 

81.6 

n-CjH, 

n  -^4!!^ 

290 

1.5 

85.9 

n-C,H7 

(CHs),CHCH, 

272 

1.6 

83.7 

n-CgH, 

QHjfCHjlCH 

265 

1.5 

85.1 

n-C,H, 

(CHjljC 

255 

1.5 

87.1 

n-C4H, 

n-C4H, 

295 

1.5 

86.9 

n-C4H, 

(CI^ljCHCH, 

280 

1.0 

85.9 

n-C4H, 

CjHjiCHjlCH 

269 

1.5 

86.6 

n-QH, 

(CHj),C 

255 

1.5 

86.9 

•  The  molar  ratio  I^SiH  ;  R’COOH  :  Allj  =  1  ;  2  :  0.04; 

The  data  presented  in  Table  1  (the  yields  of  trialkylacyloxysilanes,  the  duration  of  the  reaction  and  the 
maximum  temperature  of  the  reaction"  mixture  ),  show  that  the  rate  of  the  reaction  of  trialkylsilanes  with  mono¬ 
carboxylic  acids  is  practically  independent  of  the  structure  of  both  components.  This  sharply  differentiates  the 
reaction  of  trialkylsilanes  with  organic  acids  from  their  reaction  with  alcohols  [1].  It  can  also  be  noted  that  in 
the  case  of  aliphatic  monocarboxylic  acids,  the  increase  in  the  dissociation  constant  of  the  acid  leads  to  an  in¬ 
crease  in  the  rate  of  their  reaction  with  trialkylsilanes.  Trimethylacetlc  acid,  which  has  the  greatest  dissociation 
constant,  reacts  energetically  with  triethylsilane  even  without  heating. 

We  did  not  succeed  in  preparing  triethylformoxysilane  by  the  reaction  of  triethylsilane  with  formic  acid. 
Although  the  reaction  proceeded  with  the  evolution  of  hydrogen,  the  basic  reaction  product  proved  to  be  hexa- 
ethyldii  iloxane. 

As  a  rewlt  of  the  present  investigation,  we  synthesized  19  trialkylacyloxysilanes  R'CCOSiRg,  in  which 
R  =  C|l%,  n-CfHj  and  n-C4H|,  while  R*  is  a  primary,  secondary  or  tertiary  alkyl  radical,  or  CfH5CH2. 

The  physical  properties  of  these  compounds,  of  which  16  had  been  previously  unknown,  are  presented  in  Table  2. 


Trialky  lac  yloxysilanes  are  colorless  liquids  with  a  characteristic ,  pleasant  odor,  rather  difficultly  hydro¬ 
lyzed  by  water  (they  are  more  readily  hydrolyzed  by  alcoholic  solutions  of  alkali  which  we  used  as  the  basis 
of  their  quantitative  determination). 

The  mechanism  of  the  reaction  of  tri alkyls! lanes  with  carboxylic  acids  which  is  caulyzed  by  a  mixture  of 
iodine  and  aluminum  (i.e.,  All^  Ig)  is  presented  by  us  in  the  following  manner. 

Trialkylsilane  reacts  with  iodine  with  the  formation  of  trialkyliodosilane: 

RjSiH  +  Ij  - >•  RjSil  +  HI. 

The  thereby -formed  hydrogen  iodide,  in  the  presence  of  AH^,  quickly  reacts  with  trialkylsilane,  also  with 
formadcxi  of  trialkyliodosilane: 

RjSiH  +  HI  - I^sa  + 

In  the  absence  of  AQ^,  the  laaer  reaction  does  not  proceed  so  smoothly,  which  explains  the  smaller 
yields  of  trialkylacyloxysilanes  in  the  reaction  of  trialkylsilanes  with  acids  in  the  presence  of  iodine  alcxie, 
Trialkyliodosilane  then  reacts  with  carboxylic  acid  with  the  formation  of  trialkylacyloxysilane  and  HI,  which 
then  reacts  with  the  trialkylsilane: 

RjSil  +  HOCOR’ - ^  l^SiOCOR*  +  HI, 

RjSiH  HI  — - ►  I^Sil  +  H,  etc. 

The  reacticxi  of  trialkyliodosilane  with  acid  precedes  its  solvolytic  ionization  which  occurs  the  more  readily, 
the  less  the  ionization  constant  of  the  acid.  Due  to  this,  the  reaction  proceeds  as  a  monomolecular  nucleophile 
substitution  1  of  Ingold -Hughes): 

l^Sil  - >-  RjSi"^  +  I 

RjSi"*^  +  R’COO*  - R'CCX)SiR8. 

The  scheme  presented  for  the  mechanism  of  the  reaction  explains  the  lack  of  dependence  of  the  rate  of 
the  reaction  of  trialkylsilanes,  RgSiH,  with  monocarboxylic  acids,  RCOOH,  on  the  structure  of  the  R  and  R'  radicals, 
since  the  reaction  of  the  RCOCl*"  ion  proceeds  from  the  ’apex  of  the  R,Si‘*'  tetrahedron  which  is  formed  after  the 
removal  of  the  I  ion.  In  contrast  t.o  this,  in  the  reaction  of  trialkylsilanes  with  alcohols,  due  to  the  difficulty 
of  cleaving  the  hydride  ion,  the  reaction  proceeds  as  a  bimolecular  nucleophile  substitution  (Sj^);  under  these 
conditions  the  alkoxy  group  is  forced  to  approach  the  silicon  atom  from  the  side  of  the  alkyl  groups,  i.e.,  from 
the  opposite  side  of  the  tetrahedral  molecule  RsSiH,  •  which  involves  stedc  hindrance  which  increases  with 
Increasing  size  of  either  the  alkyl  radicals  or  of  the  alkoxy  group. 

EXPERIMENTAL 

The  initial  trialkysi lanes,  their  constants  and  analytical  data  have  been  described  in  one  of  the  preceding 
works  [27],  The  monocarboxylic  acids  were  purified  by  fractional  distillation  in  a  column  or  in  a  vacuum.  78*^ 
f  ormic  acid  was  purified  by  a  single  freezing  out,  after  which  it  was  vacuum  distilled  over  phosphoric  anhydride. 
Before  distilling  the  acetic  acid,  it  was  purified  by  a  two-fold  freezing  out.  The  physical  constants  of  the  acids 
used  are  presented  in  Table  3. 

The  method  of  analysis  for  silicon  and  the  determination  of  the  physical  constants  are  also  described  in  one 
of  our  works  [28]. 

The  ester  number  of  the  trialkylacyloxysilanes  was  determined  by  saponification  of  samples  of  the  substances 
with  an  0.75  N  KOH  solution  in  ethylene  glycol  [29], 


Method  of  conducting  the  reaction 

All  the  syntheses  of  trialkylacyloxysilanes  were  carried  out  in  two-necked  100  ml  round -bottomed  flasks 


*  The  tetrahedral  structure  of  the  R^SiH  molecule  has  been  confirmed  by  the  data  of  the  measurements 
of  its  dipole  moments  [26}. 


Physical  Properties  of  the  R’  -  C  Trialkylacyloxysilanes,  Their  Analytical  Data  and  Molecular  Weight  Determinations 
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Previously  described  [16,  18.  24]. 
*  Previously  described  [9], 


made  of  heat  resistant  glass,  supplied  with  a  reflux  condenser  and  a  thermometer.  The  upper  end  of  the  condenser  was 
connected  with  a  Tishchenko  bottle  with  concentrated  sulfuric  acid  and  then  with  a  gasometer  to  collect  the  hydrogen. 
0.2  mole  of  the  corresponding  acid  was  placed  in  the  reaction  flask,  after  which  a  powdered  mixture  of  0.1  g  of 
aluminum  and  1.5  g  of  iodine  and,  finally,  0.1  mole  of  tti alky Isi lane  was  introduced.  After  this,  the  reaction  mix¬ 
ture  was  heated  until  hydrogen  evolution  ceased  and  was  distilled  over  powdered  copper  to  eliminate  the  elemen¬ 
tary  iodine.  The  trialkylacyloxysilane  thus  isolated  was  then  purified  by  fractionaridistillation. 

We  present  the  description  of  several  synthesis  as  examples. 

Synthesis  of  triethylacetoxysi  lane 

A  powdered  mixture  of  0.1  g  of  aluminum  and  1.5  g  of  iodine  was  added  to  12.0  g  (0.2 mole)  of  acetic  acid  and 
then  11.6  g  (0.1  mole)  of  triethylsilane  was  added.  The  reaction  mixture  was  boiled  until  the  hydrogen  evolution 
completely  ceased,  which  required  2.5  hours.  In  the  course  of  this  period,  2.6  liters  of  hydrogen  was  evolved,  while 
the  boiling  point  of  the  mixture  rose  to  174*.  By  distilling  the  reaction  mixture  over  powdered  copper,  6.1  g  of 
acetic  acid  with  a  b.p.  of  118,0-119.0*  (755  mm)  and  15.0  g  of  triethylacetoxysilane  with  a  b.p,  of  172.0-173.2'* 

(755  mm)  were  obtained.  After  a  second  fractional  distillation,  the  triethylacetoxysilane  had  a  b.p.  of  173.2* 

(754.7  mm)  and  had  the  constants  presented  in  Table  2. 

On  conducting  the  reaction  of  triethylsilane  with  acetic  acid  in  the  presence  of  iodine  as  the  catalyst,  the 
yield  of  triethylacetoxysilane  amountfed  to  69^  under  analogous  conditions,  while  in  the  presence  of  sulfuric 
acid  it  amounted  to  30*^  of  the  theoretical.  Triethylsilane  does  not  react  with  acetic  acid  in  the  presence  of 
anhydrous  aluminum  chloride. 

Synthesis  of  triethyltrimethylacetoxysilane. 

A  powdered  mixture  of  0.1  g  of  aluminum  and  1.5  g  of  iodine  and  then  11.6  g  (0.1  mole)  of  triethylsilane 
was  added  to  20.4  g  of  tiimethylacetic  acid.  In  2-3  minutes  after  mixing  the  components,  the  reaction  mixture 
spontaneously  became  heated  to  130*,  and  hydrogen  was  evolved. 

The  reaction  mixture  was  then  periodically  (every  10-15  minutes)  heated  until  the  hydrogen  evolution 
completely  ceased  which  required  1.5  hours.  After  this  period,  2.5  liters  of  hydrogen  had  been  evolved  and  the 
temperature  of  the  reaction  mixture  had  risen  to  208*.  A  repeated  fractional  distillation  of  the  reaction  mixture 
gave  10.3  g  of  the  initial  .tiimethylacetic  acid  with  a  b.p.  of  163,0-164.2*  (759  mm)  and  14.0  g  of  tiiethyl- 
trimethylacetokysilane  with  a  b.p.  of  204.0 -205.5* (759  mm),  i.e.,  87. 8*^  of  the  theoretical. 

Synthesis  of  TriethylbenzooTysilane 

A  powdered  mixture  of  0.1  g  of  aluminum  and  1.5  g  of  iodine  and  then  11.6  g  (0.1  mole)  of  triethylsilane 
was  added  to  24.4  g  (0.2  mole)  of  fused  benzoic  acid.  After  heating  the  reaction  mixture  for  1.5  hours,  its  tem¬ 
perature  had  risen  to  265*;  at  the  same  time,  2.3  liters  of  hydrogen  had  been  evolved.  By  vacuum  distilling  the 
reaction  mixture,  9,0  g  of  the  initial  benzoic  acid  with  a  b.p,  of  118-119*  (5  mm)  and  23  g  of  the  crude  triethyl- 
benzooxysilane  with  a  b.p,  of  132 -133* (8  mm),  containing  free  benzoic  acid,  were  obtained.  After  purification 
from  the  admixture  of  benzoic  acid  by  freezing  out,  the  triethylbenzooxysilane  was  again  fractionally  distilled 
in  a  vacuum,  after  which  it  had  a  b.p.  of  133.0''  at  8  mm. 

Freezing  out  in  the  purification  of  triethylphenylacetoxysilane  from  admixture  of  phenylacetic  acid  was 
used  in  the  same  way. 

Synthesis  of  tri  -  n  -  bu  ty  lis  ov  aler  ox  ysi  la  ne 

20.4  g  (0.2  mole)  of  Isovaleric  acid,  0.1  g  of  aluminum,  1.5  g  of  iodine  and  20.0  g  (0.1  mole)  of  tri-n- 
butylsilane  ware  heated  while  being  constantly  stirred  until  evolution  of  hydrogen  ceased,  which  took  1  hour. 

2.4  liters  of  hydrogen  was  evolved  under  these  conditions.  After  distilling  off  the  valeric  acid,  5.3  g  of  which 
came  over  at  175-176*,  the  residue  was  vacuum  distilled.  12.9  g  of  tri-n-butylisovaleroxysilane  with  a  b.p. 
of  140.0 -140.5* (5  mm),  i.e.,  85.9^  of  the  theoretical,  was  obtained  as  a  result. 

Synthesis  of  triethylacetoxysilane  by  the  reaction  of  triethylsilane 

with  mercury  acetate. 


11.6  g  (0.1  mole)  of  triethylsilane  was  added  to  31.9  g  (0.1  mole)  of  anhydrous  mercury  acetate.  The  mix¬ 
ture  became  spontaneously  heated  to  86*.  Upon  further  heating  of  the  mixture  for  40  minutes  on  an  air  bath,  the 
boiling  point  of  the  mixture  rose  to  175*.  Drops  of  metallic  mercury  formed  on  the  bottom  of  the  reaction  flask. 

No  gas  evolution  was  observed  during  the  reaction.  The  liquid  reaction  products  were  filtered  off  from  the  mercury 


TABLE  3 

Constants  of  the  Initial  Adds  Used  in  the  Syntheses  of  the  Trialkylacyloxysilanes 


Acid 

B.p.  at 

to 

"d 

Literature  data  [30] 

Notes 

760  mm 

B.p.  at 

760  mm 

Our  data 

Literature 

Data  pO] 

HCOOH 

CH|COOH 

101.1 

117.9 

1.3740 

.100.75 

118.1 

1.37151 

(4®  1.2206 

4®  1.22036 

Cl%CH,COOH 

140.7 

1.3867 

141.22 

1.38623 

Cl^CH,CH,COOH 

163.7 

1.3980 

164.05 

1.39796 

(CH,)jCHCOOH 

154.4 

1.3941 

154.70 

1.39300 

CH,(CH,)|COOH 

185.6 

1.4090 

186.35 

1.40800 

(Cm|CHCH,COOH 

176.4 

1.4033 

176.5 

1.40331 

C,H,CH(CH,)COOH 

176.5 

1.4060 

177.0 

1.4051 

<^®  0.9361 

(CH),CCC)OH 

CH,(Cl^)tCOOH 

163.7-163.9 

204.0 

1.4170 

163.7-163.8 

205.15 

1 

1.4170 

M.p.  35.5- 
35.7* 

M.p.  35.3- 
35.5* 

CgHjCHjCOOH 

CgHjCOOH 

126.5-127.1 
(5  mm) 

118.7-119.3 
(5  mm) 

— 

144.5  (12  mm) 

M.p.  76.6* 

M.p.  122.0* 

M.P.  76.5“ 

M.p.  122.305* 

and  its  salts,  which  were  then  washed  with  edier.  The  flltiate  was  fractionally  distilled  after  preliminary  eli¬ 
mination  of  the  ether.  5.4  g  of  acetic  acid  with  a  b.p.  of  118-120*  (758)nini)  and  12.7  g  of  triethylacetoxy- 
silane  with  a  b.p.  of  172-174*(758  mm)  were  thereby  obtained.  The  yield  of  triethylacetoxysilane  amounted 
to  72.5*^»  of  the  theoretical.  After  a  repeated  fractional  distillation,  it  had  a  b.p.  of  173.3*  (752.1  mm); 

<$*  0.8925;  1.4190. 

Found^.  81  15.82,15.86;  ester  number  318.5,  317.2;  Cl^CCX)Si(C2H5)j.  Calculated*^  Si  16.10;  ester 
number  321.3. 

Literature  data  for  triethylacetoxysilane:  Ladenburg  [18]  -b.p.  168*;  dg  0.90  39;  Sommer  and  others 
[24]  -  b.p.  167*  (726  mm). 

The  physical  coiutants  of  the  triethylacetoxysilane  obtained  ate  in  excellent  agreement  with  the  con¬ 
stants  of  this  compound  which  we  obtained  by  the  reaction  of  triethylsilane  with  acetic  acid  (Table  2).  This 
indicates  that  the  triethylacetoxysilane,  obtained  by  the  methods  described  previously  [18,24]  ,  apparently 
contained  an  admixture,  since  it  had  a  boiling  point  5-6*  lower.  * 

SUMMARY 


A  new  method  fa  the  synthesis  of  trialkylacyloxysilanes  by  the  reaction  of  trialkylsilanes  with  organic  acids 
in  the  presence  of  catalyst  was  worked  out.  19  compounds  of  this  type,  16  of  which  had  not  been  known  previously, 
were  synthesized  by  this  method  in  a  yield  of  81-87‘?> ,  and  their  physical  properties  were  determined.  It  was 
found  that  the  course  of  the  reactioi  of  trialkylsilanes  with  carboxylic  acids  is  only  slightly  dependent  on  the 
structure  of  the  ttialkylsilane  and  acid.  A  scheme  for  the  mechanism  of  the  reaction  was  proposed.  It  was  shown 
that  trialkylacyloxysilanes  can  also  be  prepared  by  the  reaction  of  trialkylsilanes  with  mercury  salts  of  carboxylic 
acids. 


•  Larsson  [161  in  a  work  which  recently  became  accessible  to  us,  gives  a  b.p.  of  175-177"  for  triethyl¬ 
acetoxysilane. 
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SYNTHESIS  AND  PROPERTIES  OF  HE  X  A  PH  E  N  Y  LDIS I L  A  Z  A  NE 


AND  HEX  A -p -TOLYLDISILAZ  ANE 
V.  S.  Chugunov 

The  conditions  for  preparing  the  sole  hexaaryldisilazane  which  is  known  in  the  literature  “  hexa- 
phenyldisilazane-were  indicated  in  the  work  of  Reinolds  and  his  coworkers  [1];  they  synthesized  it  by  the  reaction 
of  triphenylsilane  with  liquid  ammonia  in  the  presence  of  metallic  sodium.  According  to  the  data  of  the  authors 
[1].  this  compound  consists  of  a  crystalline  substance  with  a  m.p.  of  175*. 

In  the  present  work,  we  describe  a  method  for  preparing  hexaaryldisilazanes  which  consists  in  passing 
gaseous  ammonia  into  a  solution  of  triarylfluorosilane  in  toluene  which  is  heated  to  100 -110“  in  the  presence  of 
metallic  lithium.  Thus,  for  example,  we  obtained  as  a  result  of  the  reaction  of  triphenylfluorosilane  with 
ammonia  in  the  presence  of  lithium,  crystalline  hexaphenyldisilazane  which  was  insoluble  in  ethyl  ether, 
petroleum  ether  and  ethyl  alcohol,  and  had  a  m.p.  of  235-236“,  and  not  175“  as  the  authors  [1]  reported.  It  is 
pertinent  to  mention  that  its  hexaphenyldisiloxane  has  a  m.p.  of  220“  [2]. 

The  reaction  of  triphenylfluorosilane  under  the  indicated  conditions  proceeds  in  the  initial  stages  with  the 
formation  of  unstable  intermediate  N -lithium -containing  compounds  which  then,  reacting  with  the  initial  substance, 
in  the  end  yield  the  rather  stable  hexaphenyldisilazane. 

The  course  of  the  reaction  is  represented  by  the  following  eqaiations 


NH,  +  Li  =  NHjU  41/2'H, 


(CeHs^jSiF  +  NHjU  =  (CeHsljSiNH,  +  UF  ; 

(C6H5)3SiNHj  +  Li  =  (CgHjljSiNHLi  +  1/2  ffc; 

(CeH5),SiNHLi  +  (CjH5)jSiF  =  (C6H5)3SiNHSi(C6H5)s  +  UF. 

Starting  with  tri-p-tolylfluorosilane  [3]  under  the  same  conditions,  we  also  synthesized  hexa-p-tolyldisilazane  — 
a  crystalline’  substance  with  a  m.p.  of  225-226“  (after  recrystallization  from  toluene).  Its  analog -hexa -p-tolyl- 
disiloxane- melts  at  223*  [4]. 

Attempts  to  prepare  hexa -a  -iiaphthyldisilazane,  starting  from  tri-a  -naphthylfluorosilane,  gaseous  ammonia 
and  metallic  lithium  under  analogous  conditions,  were  not  successful.  Tri-a  -naphthylaminosilane  [5],  which  melted 
at  204-206“,  was  isolated  in  place  of  the  expected  product. 

It  should  be  noted  that,  depending  on  the  spatial  structure  of  the  radicals  directly  bound  to  the 

silicon  atom,  the  hydrogen  atoms  in  the  amino  group  can  be  replaced  either  by  two  or  three  silyl  groups  or  by  only 
one,  forming  the  corresponding  nitrogen -containing  silicoorganic  compounds.  Thus,  for  example,  even  in  the  cold, 
chlorosilane  readily  reacts  with  ammonia,  completely  replacing  the  hydrogen  atoms  with  silyl  groups  to  give  tri- 
silazane  [6]  according  to  the  equation 

3HjSiCl  +  4NH3  =  (HjSiljN  +  3NH4CI  , 

while  the  reaction  of  trimethylchlorosilane  with  ammonia  leads  only  to  the  formation  of  hexamethyldisilazane  [7], 

The  participation  of  an  alkali  metal  is  still  indispensable  for  the  preparation  of  hexaphenyldisilazane  and  hexa-p- 
tolyldisilazane. 


EXPERIMENTAL 

Hexaphenyldisilazane  (C,Hg)5SiNHSi(CgH5)3 

In  a  side-arm  flask,  equipped  with  a  reflux  condenser,  0.025  mole  (6.96  g)  of  triphenylfluorosilane  with  a 
m.p.  of  63-64“,  dissolved  in  50  ml  of  toluene  and  0.1  mole  of  metallic  lithium,  cut  in  the  form  of  fine  flakes,  were 
introduced.  Then,  while  the  toluene  was  being  heated  to  weak  effervescence,  gaseous  ammonia,  dried  over  CaO  and 
KOH,  was  passed  into  the  solution  for  6  hours.  After  some  time  had  elapsed,  the  gradual  fcvmation  of  a  flocculent 


precipitate  of  lithium  fluoride  was  observed  in  the  solution;  at  the  same  time,  the  surface  of  the  metallic  lithium 
remained  shiny  at  the  end  of  the  experiment.  After  cessation  of  the  ammonia  delivery,  the  solution  was  boiled 
for  1  hour  more  to  complete  the  reaction,  and  then  the  precipitate  was  filtered  off  while  hot.  4.2  g  (in  a  yield  of 
32* *•^,  calculating  on  the  basis  of  the  initial  triphenylfluorosilane)  of  hexaphenyldisilazane  which  melted  at  235- 
236*,  was  isolated  from  the  filfate  after  two  crystalliza  tions  from  toluene.  The  product  was  practically  insoluble 
in  ethyl  ether  and  in  petroleum  ether  and  alcohol.  A  mixed  sample  with  hexaphenyldisilazane  with  the  tetra- 
phenylsilane  p]  previously  prepared  by  us  which  melted  at  approximately  the  same  temperature,  displayed  a 
stroi^  melting  point  depression:  the  mixture  melted  over  a  broad  temperature  range  at  205-210®. 

Found  ^  Si  10.1,  10.3;  N(by  Dumas’  method)  2.22,  2.30;  M  522,  528.  CjgHjiSijN.  Calculated*^ 

Si  10.6;  N  2.26;  M  534. 

Hexa-p-tolyldisilazane  (n.-Cl^CgHs)|SiNHSi(C<H4CHs-n)»  ,was  prepared  andlogoasly  from  0.025  mole  of  tri- 
p -tolylfluorosilane  with  a  m.p.  of  103-104®  and  0.1  mole  of  lithium.  The  crystals  which  separated  from  the  fil¬ 
trate  were  again  recrystallized  from  toluene.  3.6  g  (23*^)  of  hexa-p-tolyldisilazane,  which  melted  at  223-224®. 
was  collected. 

Found  Si  8.6,  8.7;  N  (by  Dumas’  method)  2.60,  2.42;  M  613,  606.  C^jH^iSitN.  Calculated  % 

Si  9.0;  N2.62;  M  617.9. 

SUMMARY 

A  convenient  method  for  preparing  hexaphenyl-  and  hexatolyldisilazanes  was  found  and  a  scheme  for  their 
formation  was  proposed.  Hexa-p-tolyldisilazane  was  synthesized  for  the  first  time.  The  melting  point  of  hexa¬ 
phenyldisilazane  was  determined  accurately. 

Hexa-a  -naphthyldisilazane  is  not  formed  under  the  Indicated  conditions  on  account  of  spatial  compli¬ 
cations. 
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DIPOLE  MOMENTS  AND  STRUCTURE  OF  CERTAIN  SULFANILAMIDE  COMPOUNDS 


Z.  V.  Pushkareva  and  Z.  Yu.  Kokoshko 

The  problems  of  the  detailed  structure  of  sulfanilamide  compounds  are  of  indisputable  interest  due  to  the 
great  practical  significance  of  this  group  of  medicinal  substances  [1,2]. 

The  structure  of  the  molecules  of  the  various  sulfanilamide  compounds  is  based  on  ben2senesulfonamide(I). 

As  is  well  known,  benzenesulfonamide  derivatives  acquire  antibacterial,  chiefly  anticoccal,  activity  ’only 
when  a  primary  amino  group  is  introduced  in  the  para  position  in  relation  to  the  sulfonamide  group  and  a  sulfa¬ 
nilamide  of  the  general  formula  (III)*  is  formed. 

The  introduction  of  an  amino  group  into  the  meta  position  does  not  give  active  substances  (metanilamide 
V).  It  is  also  known,  that  change  in  the  character  of  R^  in  the  formula  (III)  leads,  to  significant  changes  in  the 
activity,  and  sometimes  to  its  complete  suppression.  Replacement  of  the  hydrogen  atoms  of  the  benzene  ring  also 
Influences  the  antibacterial  activity  (for  example,  the  substance  with  formula  VI). 

In  the  present  work  we  have  attempted  to  elucidate  the  mutual  dependence  between  such  changes  in  struc¬ 
ture  and  the  values  of  the  dipole  moments  of  the  molecules. 

With  this  object,  we  measured  the  dipole  moments  of  12  substances,  the  majority  of  which  we  synthesized  by 
methods  described  in  the  literature.  The  first  group  of  compounds  consists  of  substances  of  type  (U),  with  various 
Rj  groups  (the  so-called  deaminated  sulfanil amides),  viz.;o''  (I);  (VII)',  fVni),  (IX),  (X),  and  (XI).  The  second 
group  of  substances  consists  of  sulfanilamides  of  formula  (lU)  but  with  the  sameB^  substituents,  i.e.,  of  compounds 
(XII)  [derived  from  (I)],  (XIU)  [derived  from  (IX)],  (XIV)  [derived  from  (X)]  and  (XV)[dfcrived  from  (XI)]. 


SO^NH,  SO^NHRi  SO^NHRi  CCX5H 

(I)  (II)  (III)  fIV) 


•  WfeTiave  in  mind  the  sulfanilamides  proper,  i.e.,  strictly  substances  with  a  single  group  with  a  definite 
action  mechanism,  in  particular,  which  are  capable  of  biological  competition  with  p-aminobenzoic  acid  (IV). 


We  then  compared  the  dipole  moments  of  the  sulfanilamides  with  the  moments  of  molecules  which  contain 
hydrogen  atoms  in  place  of  the  substituents:  in  other  words,  compared  the  following  three  molecules; 


NH 

1 

NH, 

H 

1 

■  k 

1 

" '[ 

] 

j 

1 

SO^NHRi 

1 

H 

1 

SOiNHRi 

(Ul) 

(II) 

Such  a  comparison,  as  is  well  known,  can  be  carried  out  via  the  calculation  of  the  vector  sums  of  the  moments 
lot  sulfanilamide  (III),  starting  from  the  experimental  data  on  the  dipole  moments  of  deaminated  sulfanilamides 
and  aniline  (p  =  1.78  D  in  dioxan),  and  by  determining  the  difference  between  the  experimental  and  calculated 
values  of  the  dipole  moments. 

The  data  obtained  are  presented  in  Tables  1 ,  2  and  3  for  convenience. 

As  is  evident  from  the  data  of  Table  1,  the  dipole  moments  of  sulfanilamides,  as  a  rule,  are  greater  than  the 
simple  vector  sum  of  the  moments  of  the  substituent  groups. 

Inasmuch  as  the  dipole  moments  of  the— NHj  and— SC^Nl^  groups,  on  the  basis  of  which  the  vector  sums 
were  calculated,  were  measured  experimentally  under  identical  conditions,  while  the  dipole  moment  of  unsub¬ 
stituted  benzene  is  equal  to  zero,  the  difference  Pexp.  —  hcalc.  redistribution  of  the 

electron  density  in  molecule  (111)  due  to  the  mutual  influence  of  the  amino  and  sulfonamide  groups.  In  other 
words,  this  effect  of  mutual  influence  is  expressed,  as  it  were,  in  an  increased  polarity  of  the  "para  bond  " 

(increased,  since  —  P^aic  is  positive). 

The  polarity  of  the  para  bond  is  quantitatively  characterized  by  the  value  of  p^^  —  p  and  depends 
on  the  stmcture  of  R^.  The  greatest  effect  of  increasing  the  polarity  of  the  para  bond ;  c£ised  by^ mutual  influence 
of  the  para  substituents,  occurs  when  is  a  highly  polar  group  with  a  plane  stmcture. 

The  indicated  effect  of  mutual  influence  of  the  amino  and  sulfonamide  groups  through  the  benzene  ring  is, 
as  is  evident,  specific  for  para  substitution  and  does  not  occur  with  meta  substitution  (No.  5  in  Table  1.  P^^^p  ~ 

“ck.  '  “• 

Substitutionin  the  benzene  ring  [compounds  (XVI)  and  (XVII)  ] leads  to  the  reverse  effect— to  a  lowering  of 
the  polarity  of  the  para  bond,  which  follows  from  the  data  of  Table  2. 


TABLE  1 


>^exp.  Mcalc. 


chloride  In  40  ml  of  acetone  was  added  to  the  solution  while  it  was  being  stirred.  The  mixture  was  stirred  for 
1  hour  and  diluted  with  c<dd  water.  The  prec^itate  was  filtered. off,  dissolved  in  1  N  NaOH,  and  the  solution 
was  acidified  with  hydrochloric  acid.  The  precipitate  which  settled  out  was  filtered  off  and  recrystallized  from 
aqueous  alcohol.  The  yield  was  26*^  . 

On  the  basis  of  its  melting  point,  the  product  was  identified  as  the  described  N-3,5-dichlorophenylben- 
zenesulfonamide  (constant  m.p.  at  t34.i35*). 


872 


TABLE  4 


Expt. 

No, 

Compound 

Pod 

Pe 

p.lO*^ 

1 

Benzenesulfonamide  (1) 

571.39 

40.13 

5.09 

2 

N-Phenylbenzenesulfonamide  (VII) 

595.34 

64.22 

5.07 

3 

N-3,5  -Dibhlorophenylbenzenesulfonamide  ( VIII) 

539.08 

73.85 

4.75 

4 

N-p-Sulfonamidophenylbenzenesulfonamide  (deaminated 

disulfane)  (X) 

714.82 

78.06 

5.55 

5 

N-Acctylbenzenesulfonamlde  (deaminated  sulfacill  (IX) 

558.14 

49.37 

4.96 

6 

N-(a -Pyridyl)-benzenesulfona'giide  (deaminated 

sulfidine)  (XI) 

573.51 

i 

65.76 

4.95 

7 

Sulfanilamide  (XII) 

— 

— 

6.60 

8 

3 -Methylsulfanilamide  (XVI) 

808.14 

48.27 

6.06 

9 

Naphthionamide  (XVII) 

943.94 

61.09 

6.53 

10 

N’ -Acetylsulfanllamide  (sulfacil)  (Xni) 

1030.45 

58.80 

6.88 

11 

N'-(a  -Pyridyl) -sulfanilamide  (sulfidine)  (XV) 

1189.56 

69.08 

7.2 

12 

N*  -p-Sulfonamidophenylsulfanilamide  (disulfane) 

1090.78 

82.58 

6.99 

N-p-sulfonamidophenylbenzenesulfonamide  (X)  (deaminated  disulfane)  .  It  was  prepared  by  the  condensation 
of  streptocidin  with  benzenesulfonyl  chloride  in  an  aqueous  medium.  It  was  purified  by  recrystallization  from  water 
and  alcohol  and  melted  at  148*. 

5.320  mg  sub.:  0.4214  ml  1^  (17*.  734  mm).  3.985  mg  sub.:  0.3332  ml  N|  (24*,  737  mm).  Found‘d.  N  9.0, 

9.32.  Calculated  N  9.30. 

N-Acetylbenzenesulfonamide  (IX)  (deaminated  sulfacil)  ;  It  was  prepared  by  the  acetylation  of  benzene - 
sulfonamide  with  acetic  anhydride.  It  was  purified  by  repeated  crystallization  from  water  and  alcohol  (m.p.  122*). 

N*-(a  -Pyridyl)-benzenesulfonamide  (XI)  (deaminated  sulfidine).  It  was  prepared  by  condensing  a  -  amino - 
pyridine  with  benzenesulfonyl  chloride  in  pyridine  bases.  It  was  purified  by  recrystallization  from  alcohol;  the 
m.p.  of  171-172*  was  in  accord  with  the  literature  data. 

3 -Methylsulfanilamide  (XVI).  Toluidine  was  acetylated  with  acetic  anhydride  in  the  usual  manner,  and  the 
acetyl-o-toluidine  was  chlorosulfonated  with  a  5 -fold  quantity  of  chlorosulfonic  acid  at  60-70*for  2  hours.  The 
sulfonyl  chloride  of  acetyl-o-toluidine  was  amidated  with  aqueous  ammonia.  The  melting  point  of  the  unpurified 
amide  was  202-204*  and  the  yield  50*^  .  The  3-methylacetylsulfanilamide  obtained  was  added  during  stirring 
to  a  solution  of  15  ml  concentrated  sulfuric  acid  in  50  ml  of  water  which  was  heated  to  80*.  The  mixture  was 
heated  on  a  boiling  water  bath  for  an  hour  and  a  half.  The  cooled  mixture  was  filtered  and  3 -methylsulfanilamide 
was  precipitated  from  the  filtrate  with  ammonia.  The  latter  was  filtered  off  and  recrystallized  from  water.  The 
yield  was  75*^.  The  product  was  finally  purified  by  3 -fold  crystallization  from  water;  the  m.p.  was  145-146*. 

4  .637  mg  sub:  0.627  ml  ^  (19*,  734  mm).  Found  lo-,  N  15.29.  Calculated  N  15.04 

The  Naphthionatnide  (XVII)  was  left  by  Us  for  determination  by  B.  G.  Boldyrev.  It  was  purified  by  recry - 
stallizatlon  from  alcohol  to  constant  melting  point  (212*).  Ih  view  of  the  insignificant  decomposition  on  fusion, 
the  purity  of  the  product  was  additionally  verified  by  analysis. 

4.95  mg  sub.;  0.  5684  ml  (23*,  735  mm).  £.28  mg  sub:' 0.5880  ml  (21*,  749  mm).  Found  N  12.61, 

12.64.  Calculated*^.  N  12.61. 

N* -Acetylsulfanllamide  (IX)  (sulfacil)  The  commercial  product  was  subjected  to  2 -fold  purification  via 
the  sodiuim  salt;  the  m.p.  was  182*. 

N*-p-Sulfonamidophenylsulfanilamide  (XIV)  (disulfane).  Commercial  disulfane  was  purified  via  the  sodium 
salt  and  repeatedly  crystallized  from  water;  in  view  of  the  diffuseness  of  the  melting  point,  the  purity  of  the  sub¬ 
stance  was  verified  by  analysis  for  nitrogen. 


!! 

i! 


3.943  mg  sub.:  0.440  ml  (16*,  729  mm).  6.271  mg  sub.:  0.726  ml  (20*.  730  mm).  Found  N  12.82, 
12.96.  Calculated  %  N  12.82. 

Sulfidine  (XV).  The  commetclal  product  was  crystallized  three  times  from  very  large  quantities  of  alcohol. 
The  constant  m.p.  was  192*. 

SUMMARY 

1.  The  dipole  moments  of  12  substances  of  the  sulfanilamide  type  were  measured. 

2.  The  presence  of  a  specific  mutual  influence  effect  between  the— NH|  and  — SO^NHR  groups  in  the  para 
position  to  each  other,  was  demonstrated  by  comparison  of  the  experimental  dipole  moments  with  the  moments 
calculated  by  the  vector  addition  method. 
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DIPOLE  MOMENTS  AND  THE  STRUCTURE  OF  CERTAIN  ACRIDINE  DERIVATIVES 


Z.  Yu.  Kokoshko  and  Z.  V.  Pushkareva 

Among  the  derivatives  of  acridine  (I),  there  is  a  whole  series  of  valuable  medicinal  substances,  including 
antimalarials  of  the  atebrin('XV)  type. 

Inasmuch  as  the  polarity  of  the  molecules  of  medicinal  substances  is,  in  many  cases,  an  important  factor 
in  their  specfic  structure,  in  addition  to  the  dipole  moment  measurements  previously  published  [1,2],  in  the 
present  work  we  measured  the  dipole  moments  of  12  substances  which  are  either  antimalarial  compounds,  or 
simple  molecules  which.however,  include  in  themselves  the  structural  elements  of  compounds  of  the  atebrin  type. 

On  the  whole,  the  substances  were  selected  in  such  a  way  that  it  would  be  possible  to  clarify  the 
effect  of  the  influence  of  the  separate  substituents  on  the  polarity  of  the  acridine  mjjlecule  of  the  general 
formula  (A).  At  the  same  time,  we  studied  the  influence  ort  the  polarity  of  those  substituents  which  either 
cause  the  antimalarial  activity  of  the  acridine  molecule  (for  example  R|  =  OCF^,  R€  =  C1,  R9=  NHR  and  so  forth), 
or,  on  the  other  hand,  yield  inactive  substances  (for  example.  =  NO^  and  others). 

The  measurement  of  the  dipole  moments  of  substances  (XIX)  and  (XX)  was 
necessary  for  calculating  the  vector  sums. 

To  clarify  the  influence  of  the  separate  substituents  on  the  polarity  of  the 
acridine  molecules,  it  was  necessary  to  have  an  acridine  compound  with  a  zero 
dipole  moment.  Precisely  such  an  acridine  derivative  is  9-chloroacridine,  the 
dipole  moment  of  which  was  measured  by  us  previously  [1]  and  proved  to  be 
equal  to  zero.  By  introducing  various  substituents  into  the  molecule  of  9-chloro¬ 
acridine,  we  obtained  compounds,  the  magnitudes  of  the  dipole  moments  of  which 
the  corresponding  substituents  on  the  polarity  of  the  molecule. 

The  dipole  moments  were  measured  by  a  heterodyne  method  in  benzene  solutions  at  25*  and  the  density 
of  the  solutions  was  determined  with  the  aid  of  a  torsion  balance  at  the  same  time. 

The  complete  polarization  at  infinite  dilution  (Poo)  and  the  dipole  moments  (Pexpj  were  calculated  by  the 
generally  accepted  method  of  Hodestrand  [3].  The  values  of  the  electronic  polarization  (Pe)  were  calculated  from 
the  experimental  data  on  the  refractions.  The  errors  in  the  measurements  of  the  dipole  moments  amounted  to 
10.02  D. 

The  vector  sums  of  the  moments  of  the  bonds  (M^alc  ^  calculated  for  comparison  with  the  experi  - 
mental  values. 

For  the  most  part,  we  synthesized  the  substances  for  the  investigations  by  the  described  methods,  sometimes 
adapted,  and  carefully  purified  them  by  recrystallization  from  the  corresponding  pure  solvents  (the  melting  points 
of  the  substances  investigated  by  us  are  presented  in  Table  1).  Substances  (V),  (XV),  (XVI),  (XVII),  (XVUI)  were 
kindly  submitted  to  us  for  the  measurements  by  A.  M.  Grigorovsky. 

The  results  of  the  measurements  and  the  calculations  of  the  dipole  moments  are  presented  in  Table  1. 

DISCUSSION  OF  RESULTS 

The  aggregate  data  on  the  dipole  moments  are  grouped  in  Table  2  according  to  type  of  substitution  in  the 
molecule  of  the  general  formula  (A)  for  simplicity. 

In  discussing  the  data  set  forth  in  Table  2,  we  start  from  the  fact  that  the  difference  between  the  experimental 
values  of  the  dipole  moments  and  the  vector  sums  of  the  moments  of  the  bonds  appears  to  be  a  result  of  the 
mutual  influence  of  the  atoms  and  groups  present  in  the  molecule,  and  characterizes  the  given  mutual  influence 
effect.  The  following  conclusions  and  assumptions  can  be  drawn  and  made  from  the  data  of  the  table. 

1.  A  methoxy  group  in  the  2-,  and  a  chlorine  in  the  6-  position  approximately  identically  increase  the 
polarity  of  the  9-chloroacridine  molecule.  Their  simultaneous  presence  in  positions  2  and  6  does  not  cause  a 
significant  additional  mutual  influence  effect  (Mg^p  ~Mcalc  “  0*^®*  D  respectively). 


I  I  I  I 

r/\/Nn/\/ 

(A) 

characterized  the  influence  of 


CHa 

HaN<?H(CH7hM(CiHff)i  HxN(CH2;4N(CiH5)x 

0(ix;  (xx> 


(xviii) 


TABLE  1 


Fwmula  No. 
in  the  text 

Substance 

M.p. 

Poo, 

Pe 

(VI) 

6  -  Nitro  -9  -chloroacridine 

214* 

542.54 

79.54 

4,98 

(VH) 

2  -Methoxy-6-nitro-9-chloroacridine 

208 

893.81 

84.87 

6,26 

(vni) 

2  -Ethoxy  -6 -nitro -9 -chloroacridine 

189-191 

836.85 

90.25 

6.01 

(IX) 

7  -Nitro -9 -chloroacridine 

203-204 

503.66 

79.54 

4.53 

(X) 

2  -Methoxy  -  7  -nitro  -  9  -chloroacridine 

224 

621.93 

87.87 

5.10 

(XV) 

Atebrin  (base) 

88 

806.75 

131.47 

5.72 

(XVI) 

Atebrin  No.  8  (base) 

78-81 

847.94 

128.53 

5.90 

(xvn) 

7-Mtroatebrln  (base) 

- 

1110.93 

133.97 

1  6.88 

(XVUI) 

7  -  Aminoatebrin  (base) 

- 

685.33 

137.91 

i  5.16 

j 

(XX) 

1  -Diethylamino -4  -aminopentane 

- 

89.50 

51.08 

1.36 

(XXI) 

1 -Diethylamino -4 -aminobutane 

- 

75.24 

46.45 

1.20 

2.  A  nitrogroup  in  position  7,  and,  in  particular,  in  position  6,  markedly  increases  the  dipole  moment  of  the 

9 -chloroacridine  molecule  (Mg^p  “  ^*98  D;  Pgxp  "  f^calc  ~  ®  respectively). 

A  considerable  mutual  influence  effect  is  manifested  upon  the  simultaneous  introduction  of  a  methoxy  or 
ethoxy  group  into  position  2,  and  a  nitro  group  into  position  6  (Mgxp  “  ^calc  ~  1.46-D)  and  a  somewhat 

smaller  effect  is  manifested  in  2 -methoxy -7 -nitro -9 -chloroacridine  (Mg^p  “  locale  “ 

3.  9-Amino  substitution  in  the  acridine  molecule  leads  to  a  dipole  moment  of  4.13  D  and  Mg^p  ~  M 


=  0,85  D.  The  additional  introduction  of  a  methoxy  group  into  position  2  of  9-aminoacridine  and  of  chlorine 
into  position  6  does  not  cause  any  particular  effect,  and  the  difference  between  the  experimental  values  of  the 
dipole  moments  and  the  vector  sums  is  equal  to  0.65  and  0.59  D  respectively.  With  the  simultaneous  intro¬ 
duction  of  all  three  substituents  (the  so-called  "atebrinic"  type  of  substitution),  the  dipole  moment  is  increased 
to  6.73  D  (Mexp.  ~  i^calc,  ~ 

4.  The  introduction  of  alkylaminoalkyl  radicals  into 
the  9-amino  group,  in  all  the  cases  investigated  by  us 
(XV,  XVI,  XVir  and  XVIII),  leads  to  a  lowering  of  the  dipole 
moment  (the  solubility  of  the  substances  in  benzene  and 
their  capacity  to  form  hydrates  is  correspondingly  sharply 
increased)  in  comparison  with  2-methoxy-6-chloro-9- 
aminoacridine  (XIV).  For  atebrin  (XV),  we  calculated  the 
vector  sums  of  the  bond  moments  of  various  molecular 
configurations,  depending  on  the  location  of  the  alkyl¬ 
aminoalkyl  "chainlet",  which  configurations  are  depicted 
in  Figs.  1,2,4  (see  plate,  page  931.). 

Comparison  of  the  vector  sums  with  the  ex  perimental 
values  for  the  dipole  moments  perqiiu  us  to  assume  that  there 
is  no  free  internal  rotation  of  the-  NHR  dipole  in  such  com¬ 
pounds  as  these,  while  there  occurs  some  sort  of  definite 
steric  interaction  of  the  diethylamino  groups  of  the  diethyl- 
aminoalkyl  radical  with  other  polar  groups  of  the  atebrin  molecule,  which  is  hard  to  determine  with  only  the 
aid  of  the  dipole  moments. 


SUMMARY 


1 .  The  dipole  moments  of  12  substances  of  the  acridine  series  were  determined. 

2.  A  comparison  of  the  dipole  moment  values  obtained  with  the  corresponding  vector  sums  of  the  bond 
moments,  revealed  mutual  influence  effect  of  the  substituents  in  definite  positions  of  the  acridine  rii^. 


TABLE  2 


Fcxmula  No 

in  the  text 

Ri 

Rs 

exp. *10” 

Vector 

sum  of 
the  bond 

moments 

o 

% 

u 

J 

(U)* 

H 

H 

H 

Cl 

0 

0 

0 

(HI)* 

H 

Cl 

H 

Cl 

2.01 

1.55 

(IV)* 

OCH, 

H 

H 

Cl 

1.70 

1.23 

(V)* 

OCH, 

Cl 

H 

Cl 

2.91 

2.29 

0.62 

(VI) 

H 

NG^ 

H 

Cl 

4.98 

3,05 

(vn) 

cx:h. 

NO^ 

H 

Cl 

6.26 

4.52 

1.74 

(vni) 

OC|H, 

NCV 

Cl 

6.01 

4.55 

1.46 

(IX) 

H 

H 

NC^ 

,C1 

4.53 

3.95 

0.58 

(X) 

OCHj 

H 

NC^ 

Cl 

5.10 

4.14 

0.96 

(XI)* 

H 

H 

H 

NH, 

4.13 

3.28 

0.85 

(XII)* 

OCH, 

H 

H 

NH, 

4.65 

4.00 

0.65 

(xni)* 

H 

Cl 

H 

NH, 

4.84 

4.25 

0.59 

(XIV)* 

OCl% 

Cl 

H 

NH, 

CH, 

6.73 

4.95 

1.78 

(XV) 

OCH, 

Cl 

H 

NHCH(CH,),N(CiH,)| 

5.72 

4.55 

1.17 

(XVI) 

OCH, 

Cl 

H 

NH(CH,)4N(C,H5)i 

CH, 

5.90 

4.43 

1.47 

(xvn) 

OCH, 

Cl 

NC^ 

1 

NHCH(CH,),N(C,H5), 

6.88 

5.68 

1.20 

(xvni) 

OCH, 

Cl 

NH, 

CH, 

NHCH(CH,),N(C,H5)i 

5.16 

5.28 

0.12 

*  The  results  of  the  measurements  of  the  dipole  moments  of  the  substances  marked  with  an  asterisk,  have 
been  presented  previously  by  us  [1]. 
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DIALKYL  ESTERS  OF  ARYLSULFONAMIDOPHOSPHORIC  ACIDS 


A.  V.  Kirsanov  and  V.  I.  Shevchenko 


Dialkyl  esters  of  arylsulfonamidophosphoric  acids  were  obtained  by  the  acidic  or  alkaline  hydrolysis  of  the 
trialkyl  esters  of  arylsulfonimidophosphoric  acids,  and  directly  from  trichlorophosphazosulfonaryls  by  the  action 
of  excess  of  sodium  alcoholates  [I],  The  preparation  of  the  dialkyl  esters  of  arylsulfonamidophosphoric  acids  by 
the  action  of  sodium  alcoholates  on  the  di-(acid  chlorides)  of  arylsulfonamidophosphoric  acids,  which  completely 
and  rigorously  demonstrates  the  structure  of  these  esters,  is  described  in  the  present  work. 

In  comparison  with  trichlcvophosphazosulfonaryls,  the  di-(acid  chlorides)  of  arylsulfonamidophosphoric  acids 
react  considerably  less  energetically  with  sodium  alcoholates.  When  the  di-(acid  chloride)  of  an  arylsulfonami- 
dophosphoric  acid,  ground  to  a  fine  powder,  is  added  to  a  solution  of  sodium  alcoholate  in  the  corresponding  al¬ 
cohol,  the  reaction  proceeds  smoothly  with  insignificant  evolution  of  heat.  The  sodium  salts  of  the  dj.alkyl  esters 
are  formed  in  excellent  yields  as  a  result  of  the  reaction  according  to  the  scheme: 


ArSO^NHPCX:],  +  3NaOAlk  — >■  ArSO^NNaPCXOAlk),  +  2NaCl  +  AlkOH. 

The  formulas,  yields,  and  melting  paints  of  the  dialkyl  esters  of  arylsulfonamidophosphoric  acids  thus  ob¬ 
tained  are  presented  in  Table  1. 

The  dimethyl  and  diethyl  esters  crystallize  well  and  are  readily  isolated  from  the  reaction  mixture  in  the 
pure  state.  The  dibutyl  esters  consist  of  thick,  viscous  liquids,  difficult  to  purify  as  such;  therefore  they  were  iso¬ 
lated  and  purified  in  the  form  of  the  characteristic  sodium  salts,  by  the  decomposition  of  which  the  pure  dibutyl 
esters  were  obtained. 


TABLE  1 


Number  of 

the  ester 

Formula  of  the  dialkyl  ester 

’  ■miJ  • 
(‘H 

M.p. 

1 

C6H5SOiNHPO(CX:H5), 

84.1 

108-109* 

2 

0  -Cl%C,H4SOiNHPO(  CX:H5)j 

86.3 

145-146 

3 

p  -CHjCeH4SOiNHPO(  OCRs), 

74.8 

110-111 

4 

a -CioH7SCiNHPO(CX:Hj), 

75.2 

164-165 

5 

CsHgSO^NHPOfOCeHsIz 

80.1 

111-112 

6 

o-CHjCgRgSOiNHPCXOCjHg)* 

83.3 

97-98 

7 

p  -CHsCsHtSOiNHPCKOCiHs)^ 

78.6 

105-106 

8 

d  -C„,H,S(\NHPO(OC,H5)j 

69.0 

154-155 

9 

B  -C^HTSO^NHPCXOCiHg)* 

79.1 

161-162 

10 

CgHgS  0^  NHPCX  OC4H9  -  n)i 

90.2* 

liquid 

11 

0  -CHJC6H4S  0^  NHPO(  OC4H5  -n)j 

88.7* 

liquid 

12 

a  -CuH7SOiNHPO(OC4H5-n)2 

91.8  » 

75-77 

13 

0  -  CjoRtSC^  NHPO(  OC4H9 -n)j 

90.4* 

liquid 

*  In  the  form  of  the  sodium  salts. 


The  dialkyl  esters  of  the 
arylsulfonamidophosphoric  acids,  ob¬ 
tained  from  their  corresponding  di-(ac]  d 
chlorides)  can  be  distinguished  neither 
in  their  physical,  nor  in  their  chemical 
properties  from  the  dialkyl  esters  ob¬ 
tained  by  other  methods  [1].  The  sodium 
salts  of  dimethyl  and  diethyl  esters  of 
arylasulfonamidophosphoric  acids  are 
readily  soluble  In  water  and  alcohol  and 
insoluble  in  nonpolar  solvents.  The 
sodium  salts  of  the  dibutyl  esters  of 
arylsulfonamidophosphoric  acids  are  not 
only  soluble  in  water  and  alcc^ol,  but  also 
in  nonpolar  solvents,  for  example,  in  ben¬ 
zene,  ether  and  hot  carbon  tetrachloride 
and,  with  more  difficulty,  in  petroleum 
ether.  The  sodium  salts  of  the  dibutyl 
esters  are  salted  out  from  aqueous  solutions 
even  by  small  concentrations  of  sodium 
chloride. 

The  sodium  salt  of  the  dibutyl  ester  of 
a  -naphthylsulfonamidophosphoric  acid  .s 
somewhat  different  in  its  solubility.  It 
readily  dissolves  only  in  hot  benzene,  is 
difficultly  soluble  in  cold  benzene  and  very 
difficultly  soluble  in  carbon  tetrachloride^ 


irt  petroleum  ether.  Only  0.76  g  of  the  salt  dissolves  at  20*  in  100  ml  of  benzene.  The  sodium  salts  of  the  dibutyl  esters 


of  the  other  arylsulfonamidophosphoric  acids  are  considerably  more  soluble  in  benzene. 


The  sodium  salts  of  the  dibutyl  esters  crystallize  well  from  a  mixture  of  benzene  with  petroleum  ether  (1:1)  in 
the  form  of  fine,  long  needles.  They  have  comparatively  low  melting  points  (from  145  to  190*)  and  melt  sharply  in 
ranges  of  2-3*.  The  sodium  salts  of  the  dibutyl  esters,  as  well  as  the  free  esters,  have  an  extraordinarily  bitter  taste. 


r 


See  the  experimental  part  relative  to  the  hydrolysis  of  the  dialkyl  esters  with  hydrochloric  acid  in  water-alcohol 
solutions. 

The  di-(acid  chlorides)  of  the  arylsulfonamidophosphoric  acids  have  been  described  in  the  literature  [2] 
as  crystalline  substances  which  do  not  have  sharp  melting  points  and  begin  to  melt  at  around  110*.  Actually, 
twice  recrystallized  di-(acid  chlorides)  when  heated  in  a  capillary,  begin  to  melt  at  around  110*  and  do  not 
have  a  sharp  melting  point.  However,  when  the  di-(acid  chlorides)  are  subjected  to  several  recrystallizations 
from  benzene  and  then  from  carbon  tetrachlolde,  substances  are  obtained  with  sharp  melting  points.  The  di- 
(acid  chloride)  of  phenylsulfcmamidophosphoric  acid  which  has  been  purified  in  this  way  melts  at  132-133  * 
without  decomposition:  It  is  of  interest  to  note  that  the  substance,  melting  at  132-133*,  and  the  substance  which 
begins  to  decompose  at  110*,  do  not  differ  from  each  other  either  in  their  external  form  nor  in  their  analytical 
data.  Evidently,  there  is  a  negligible  quAntity  df  admixture  which  is  difficult  to  eliminate  by  crystallization 
and  does  not  influence  the  analytical  results,  but  causes  a  marked  lowering  of  the  melting  point. 


The  di-(acid  chloride)  of  0 -naphthylsulfonamidophosphoric  acid,  which  has  not  been  described  in  the  lit¬ 
erature,  was  prepared  similarly  to  the  other  di-(acid  chlorides)  of  this  type  by  the  reaction  of  trichlorophosphazo- 
sulfon-B -naphthyl  with  formic  acid  in  accordance  with  a  method  described  in  the  literature  [2].  In  contrast 
to  the  di-(acid  chlorides)  of  phenyl-,  o-tolyl-,  p-tolyl-,  and  a -naphthylsulfonamidophosphoric  acids,  the  di- 
(acid  chloride)  of  B -naphthyl -sulfonamidophosphoric  acid  is  readily  soluble  in  benzene. 

EXPERIMENTAL 

Reaction  of  di-(acid  chlorides)  of  arylsulfonamidophosphoric  acids  with  a 
solution  of  sodium  methylate  in  methyl  alcohol. 

0.01  mole  of  the  di-(acid  chloride)  of  the  arylsulfonamidophosphoric  acid,  carefully  ground  into  a  fine  pow. 
der,  was  added  to  a  solution  of  0.03  g -atoms  of  metallic  sodium  (0.7  g)  in  15  ml  of  anhydrous  methyl  alcohol 
which  was  cooled  with  runnii^  water  and  was  being  energetically  stirred. 

When  all  the  di-(acid  chlcxide)  had  reacted,  the  sodium  chloride  was  drawn  off,  washed  with  a  small  quan¬ 
tity  of  methyl  alcohol,  and  the  filtrate  was  concentrated  to  dryness  in  a  vacuum.  10  ml  of  2  N  H2SO4  was  added 
to  the  dry  residue  and  the  mixture  well  stirred  to  isolate  the  dimethyl  esters  of  the  arylsulfonamidophosph(x;ic  acids. 

The  dimethyl  esters  precipitated  either  in  the  fcxm  of  fine,  well  formed  crystals,  or  in  the  form  of  a  thick 
oily  layer  which,  when  rubbed  with  a  glass  rod,  was  converted  into  a  crystalline  mass.  The  crystalline  powder  was 
separated,  washed  several  times  with  small  portions  of  water,  and  dried.  The  melting  point  of  the  dimethyl  esters 
thus  obtained  differs  from  the  melting  point  of  the  recrystallized  products  by  only  2-3*.  A  single  subsequent 
crystallization  usually  gave  a  pure  ester  with  a  sharp  melting  point. 

The  following  dimethyl  esters  of  arylsulfonamidophosphoric  acids  were  thus  obtained.  • 

1.  Dimethyl  ester  of  phenylsulfonamidophosphcx'ic  acid,  yield  2.23  g. 

Found OCH,  23.46.  Equiv.  •  •  1.02.  Calculated*!^;  OCHj  23.41.  Equiv.1.00- 

2.  Dimethyl  ester  of  o-tolylsulfonamidophosphoric  acid,  yield  2.41  g. 

Found  %  oCHj  22.08  Equiv.  •  •  l.Ql.  Calculated  %  OCI^  22.22  Equiv.  1.00. 

3.  Dimethyl  ester  of  p-tolylsulfonamidophosphoric  acid,  yield  2.09  g. 

Found  OCl^  22.12.  Equiv.*  *.  1.00  .  Calculated*^.  OCl^  22.22  Equiv.  1.00. 

4.  Dimethyl  ester  of  a -naphthylsulfonamidophosphoric  acid,  yield  2.37  g. 

Found OCH,  19.61.  Equiv*  *1.02.  Calculated*^  OCH,  19.69.  Equiv.  1.00 

A  mixed  sample  of  the  dimethyl  esters  obtained  with  dimethyl  esters  of  the  arylsulfonamidophosphoric  acids, 
obtained  by  other  methods  [1],  displayed  no  melting  point  depression. 

Reaction  of  the  dl-(acld  chlorides  of  arylsulfonamidophosphoric  acids 
with  a  solution  of  sodium  ethylate  in  ethyl  alcohol. 

The  reaction  of  the  di-<acid  chlorides)  of  the  arylsulfonamidophosphoric  acids  with  a  solution  of  sodium 

*  For  the  formulas,  yields  (in  *^)  and  melting  points  of  the  esters,  see  Table  1. 

*  *  The  indicator  was  phenolphthalein. 
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ethylate  was  carded  out  in  the  same  way  as  the  reaction  with  sodium  methylate. 

The  following  diethyl  esters  of  arylsulfonamidophosphoric  acids  were  prepared. 

5.  Diethyl  ester  of  phenylsulfonamidophosphoric  acid,  yield  2.23  g. 

Found‘d  OC2H5  30.62.  Eqidv.  •  •  1.07.  Calculated  OCjHg  30.72  Equiv.  1.00 

6.  Diethyl  ester  of  o-tolylsulfonamidophosphoric  acid,  yield  2.56  g. 

Found  OCjHs  29.29.  Equiv  ••1.03-  Calculated‘S  CXIjHj  29.33.  Equiv  1.00 

7.  Diethyl  ester  of  p-tolylsulfonamidophosphoric  acid,  yield  2.41  g. 

Found'S  OC2H5  29.22.  Equiv.  ••  1.01.  Calculated  %  OC^Hj  29.33.  Equiv.  1.00 

8.1  Diethyl  ester  of  a -naphthylsulfonamidophosphoric  acid,  yield  2.37  g. 

Found  a ;  OCjHj  26.32.  Equiv. ••  1.02.  Calculated'S  OCjHs  26.32.  Eiquiv.  1.00. 

9.  Diethyl  ester  of  0 -naphthylsulfonamidophosphoric  acid,  yield  2.71  g. 

Mixed  samples  of  the  diethyl  esters  obtained,  with  the  diethyl  esters  of  arylsulfonamidophosphoric  acids 
obtained  by  other  methods  [1],  displayed  no  melting  point  depression. 

Reaction  of  the  di-(acid  chlorides)  of  arylsulfonamidophosphoric  acids  with 
a  solution  of  sodium  n-butylate  in  butyl  alcohol 

0.01  mole  of  the  di-(acid  chloride)  of  the  arylsulfonamidophosphoric  acid,  carefully  ground  into  a  fine  powder, 
was  added  to  a  solution  of  0.03  g-atom  of  metallic  sodium  (0.7  g)  in  20  ml  of  lanhydrous  butyl  alcohol  at  room 
temperature  and  while  it  was  being  energetically  stirred.  The  reaction  proceeded  with  insignificant  evolution  of 
heat.  To  complete  the  reaction,  the  mixture  was  heated  for  30  minutes  on  a  boiling  water  bath.  The  butyl 
alcohol  was  then  distilled  off  in  a  vacuum  on  a  water  bath;  10  ml  of  water  was  added  to  the  dry  residue,  and  the 
mixture  obtained  was  transferred  to  a  separatory  funnel,  energetically  extracted,  and  let  stand.  The  sodium 
salts  of  the  dibutyl  esters  were  readily  soluble  in  water;  however  in  the  presence  of  even  comparatively  small 
quantities  of  sodium  chloride,  the  solution  readily  separated  into  2  layers.  The  lower  layer  consisted  of  an  aqueous 
solution,  chiefly  of  the  sodium  salt  of  the  dibutyl  ester;  the  upper  layer  consisted  of  an  aqueous  solution  of  sodium 
chloride.  The  lower  layer  was  poured  out  into  a  small  porcelain  dish  and  dried  on  a  water  bath.  A  colorless  cry¬ 
stalline  mass  of  the  sodium  salt  of  the  dibutyl  ester  with  a  small  admixture  of  sodium  chloride  was  obtained  in  the 
residue. 

The  sodium  salts  of  the  dibutyl  esters  were  readily  obtained  in  the  pure  form  by  crystallization  from  a  mixture 
of  equal  volumes  of  petroleum  ether  (b.p.  95-100*)  and  benzene.  See  the  general  section  for  the  properties  of  the 
sodium  salts. 

The  reaction  of  the  di-(acid  chlorides)  of  the  arylsulfonamidophosphoric  acids  with  sodium  butylate  was 
accompanied  by  the  formation  of  a  small  quantity  of  by-products  which  had  an  extraordinarily  unpleasant  odor. 

The  following  sodium  salts  were  obtained; 

The  sodium  salt  of  the  di-n -butyl  ester  of  phenylsulfonamidophosphoric  acid  was  obtained  in  a  yield  of  3.35 
g  (90.2 “^S*).  It  consisted  of  long,  fine,  transparent  needles,  m.p.  145-147*. 

0.5901  g  sub.:  0.1133  g  NajS04.  0.3667  g  sub.:  0.0695  g  NajSQi.  Found  %  Na  6.2^  6.14.  Ci4H„(\NSPNa. 

Calculated  'lo-,  Na  6.19. 

The  sodium  salt  of  the  di-n -butyl  ester  of  o-tolylsulfonamidophosphoric  acid  was  obtained  in  a  yield  of  3.42 
g  {SS.'Mo).  It  consisted  of  long,  fine,  transparent  prisms,  m.p.  153-157*. 

0.5091  g  sub.:  0.0888  g  Na2S04.  0.4362  g  sub.:  0.0ff98  g  Na|S04.  Found  Na  5.65,  5.92. 

CijHjjO^NSPNa.  Calculated'^.  Na  5.97. 

The  sodium  salt  of  the  di-n -butyl  ester  of  a  -naphthylsulfonamidophosphoric  acid  was  obtained  in  a  yield 
of  3.87  g  (91.8  io)  .  The  salt  was  very  readily  soluble  inr  water,  alcohol  and  acetone,  comparatively  readily 
soluble  in  hot  benzene,  and  more  poorly  soluble  in  cold  benzene.  0.76  g  of  the  salt  dissolved  in  100  ml  of  benzene 
at  20*.  It  was  difficultly  soluble  in  ether  and  very  difficultly  soluble  in  petroleum  ether  and  carbon  tetrachloride. 

It  precipitated  from  benzene  in  the  form  of  a  fdocculent  precipitate,  which  consisted  of  an  aggregate  of  very 
minute,  transparent,  thin  prisms,  m.p.  187-189*. 


0.4707  g  sub.:  0.0779  g  N%SQi.  0.4833  g  sub.:  0.0788  g  Na,S04.  Found  Na  5.36,  5.28.  CijHjjOfeNSPNa. 

Calculated  %.  Na  5.46. 

The  sodium,  salt  of  the  di-n-butyl  ester  of  0 -naphthylsulfonamidophosphoric  acid  was  obtained  in  a  yield 
of  3.81  g  (90.4  1o)  .  In  contrast  to  the  sodium  salt  of  a  -naphthyl -sulfonamidophosphoric  acid,  the  sodium  salt 
of  the  6 -naphthylsulfonamidq>ho6phoric  acid  was  very  readily  soluble  in  benzene.  It  crystallized  from  a  mixture 
of  benzene  and  petroleum  ether  in  the  form  of  well  formed  prisms,  m.p,  175-180*. 

0.3891  g  sub.:  0.0639  g  N^SQ*.  0.4006  g  sub.:  0.0668  g  NajS04.  Found  %  Na  5,32,  5.40. 

C„l%jOtNSPNa.  Calculated  Na  5.46. 

Preparation  of  the  di-n-butyl  esters  of  arylsulfonamidophosphoric  a  elds, 

0.01  mole  of  the  sodium  salt  of  arylsulfonamidophosphoric  acid  was  dissolved  in  30  ml  of  water  and  the 
solution  was  acidified  with  15.0  ml  of  2  N  HjSQ*.  The  viscous  oily  layer  which  separated  out  was  washed  with 
water  and  dissolved  in  ether.  The  ethereal  solution  was  washed  with  water,  dried  with  anhydrous  sodium  sulfate 
and  the  solvent  driven  off  in  a  vacuum  on  a  water  bath.  A  colorless  or  slightly  yellowish  thick  viscous  oil  was 
obtained  in  the  residue.  It  ccxisisted  exclusively  of  the  dibutyl  ester  of  a  -naphthylsulfonamidophosphoric  acid, 
which  readily  crystallized. 

The  following  esters  were  obtained  in  this  manner: 

10.  Di-n-butyl  ester  of  phenylsulfonamidophosphoric  acid,  yield  3.25  g  (93.0  *?»).  It  consisted  of  a  thick, 
viscous  oil, 

0.0404  g  sbb.:  1.365  ml  (18*,  742  mm).  0.2741  g  sub.;  3.90  ml  0.2046  N  NaOH.  0.6401  g  sub.:  9.45 

ml  0.2046  N  NaOH.  Found‘d:  N  3.S7.  Equiv.**1.02.  1.06.  Ci4Hj405NSP.'  Calculated*^:  N4.01.  Equiv. 

1.00. 

11.  Di-n-butyl  ester  of  o-tolykulfonamidophosphOTic  acid,  yield  3.42  g  (OO.l*’^).  It  consisted  of  a  thick 
viscous  liquid. 

0.0356  g  sub.:  1.120  ml  (18*.  742  mm).  0.4876  g  sub.:  6.85  ml  0.2046  N  NaOH.  0.7003  g  sub.:  9.55 

mn).2046  H  NaOH.  Found ‘5^:  N  3.60.  Equir.  1.04,  1.01.  CigHjeOjNSP.  Calculated*^:  N  3.60.  Equiv. 

1.00. 

12.  Di-n-butyl  ester  of  a  -naphthylsulfonamidophosphoric  acid,  yield  3.59  g  (89.9  *^).  It  crystallized  from 
petroleum  ether  (b.p.  95-100*)  in  the  form  of  fine,  well  formed  prisms  with  a  m.p.  of  75-77*. 

0.0364  g  sub.:  0.0723  g  CC\:  0.0219  g  H,0.  0.3125  g  sub.:  3.90  ml  0.2046  N  NaOH.  Found  %  C  54.23; 

H  6.72.  Equiv.*  •  1.02.  Ci,H,6C%NSP.  Calculated  *?b:  C  54.14;  H  6.56,  Equiv.  1.00. 

13.  Di-n-butyl  ester  of  0 -naphthylsulfonamidophosphoric  acid,  yield  3.43  g  (85.9*5^>).  It  consisted  of  a 
thick,  viscous  liquid. 

0.5433  g  sub.:  6.30  ml  0.2046  N  -  NaOH.  0.5027  g  sub.:  6.42  ml  0.2046  N .  NaOH.  Found:  Equiv.  1.00 

1.04.  CjiI^jO^NSP.  Calculated:  Equiv.  1.00. 

The  di-n-butyl  esters  of  arylsulfonamidophosphoric  acids  were  very  reddily  soluble  in  alcohol,  ether,  ace- 
tcxie,  benzene  and  carbon  tetrachloride.  The  dibutyl  esters  were  insoluble  in  water  and  cold  petroleum  ether. 

TABLE  2 


Formula  of  the  ester, 
subjected  to  hydrolysis 

Quantity  of  un- 
hydrolyzed  ester 

Yield  of  the  amide  of 
the  arylsulfonic  acid 

Total  yield 

(In  g) 

(In  1o) 

(Ing) 

(In  ^) 

fin*^) 

C^SOiNHPO(OCH,)4 

0 

0 

0.28 

89.2 

89.2 

a  -CjjHrSC^NHPOfOCH,)! 

0.03 

1  4.8 

0.32 

77.2 

82.0 

C^SO^NHPO(OC,H5)| 

0.08 

13.6 

0.17 

54.2 

67.8 

a  -Ci,H,SC]^NHPa(OC,H5)j 

0.15 

21.8 

0.23 

55.5 

77.3 

882 


Hydrolysis  of  the  dimethyl  and  diethyl  esters  of  the  arylsulfonamidophosphoric  acids 

by  a  w  ater  -  ale  ohol  solution  of  hydrochloric  acid . 

A  mixture  of  0.002  mole  of  the  dialkyl  ester  of  the  arylsulfonamidophosphoric  acid  with  20  ml  of  a  1  N 
water -alcohol  solution  of  hydrochloric  acid  (10  ml  of  2  N  aqueous  solution  of  the  acid  -*■  10  ml  of  alcohol)  was 
boiled  with  a  reflux  condenser  for  24  hours.  To  separate  the  hydrolysis  products,  the  alcohol  was  driven  off 
in  a  vacuum  and  the  residue  was  neutralized  with  a  solution  of  sodium  hydroxide  (to  a  neutral  reaction  to 
phenolphthalein).  The  insoluble  sulfamides  were  separated,  washed  with  water,  dried  and  weighed.  After  sepa¬ 
rating  the  amide,  the  filtrate  was  concentrated  in  a  vacuum  to  a  volume  of  about  5  ml  and  acidified  with  several 
drops  of  concentrated  hydrochloric  acid.  The  dimethyl  and  diethyl  esters  which  had  not  hydrolyzed  thereupon 
precipitated  in  the  form  of  an  oil  which  readily  crystallized.  The  dialkyl  esters  were  separated,  washed,  dried 
and  weighed.  The  amides  of  the  arylsulfonic  acids  and  the  dialkyl  esters  of  the  arylsulfonamidophosphoric  acids 
were  identified  by  the  melting  point. 

The  yields  of  hydrolysis  products  are  presented  in  Table  2. 

SUMMARY 

1 .  A  method  for  preparing  the  dialkyl  esters  of  arylsulfonamidophosphoric  acids  from  the  di-(acid  chlorides) 
of  these  acids  and  sodium  alcoholates  was  described. 

2.  The  dimethyl,  diethyl  and  di-n-butyl  esters  of  the  arylsulfonamidophosphoric  acids  and  the  sodium  salts 
of  the  di-n-butyl  esters  were  prepared,  and  their  properties  were  described. 
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PHENYLTRIFLUOROMETHYLSULFIDES  AND  P  H  E  N  Y  LT  RIF  LU  OROMET  H  YS  UL  F  O  NES 


WITH  SUBSTITUENTS  IN  THE  PARA  POSITION 
L.  M.  Yagupolsky  and  M.  S.  Marenets 


Aromatic  compounds  which  contain  the  SCFs  and  SO^CFs  groups  have  been  only  slightly  studied  [1,2].  In 
spite  of  this,  they,  analogously  to  other  aromatic  compounds  which  contain  SAlk  and  SO^Alk  groups  as  sub¬ 
stituents,  may  be  of  interest  as  physiologically  active  substances  [3],  insecticides  [1]  and  intermediate  products 
for  the  synthesis  of  dyes  [2],  In  the  present  work,  we  have  synthesized  a  series  of  compounds  of  the  type; 

SCF3  S0iCF3 


and 


where  R=Br.  I,  CN,  COOH,  COOCjHj, 

CONHj,  NH,  •  and  NHCOCH,.' 


R  R 

.  (I) 

ihe  substances  containing  the  SCF8  group  were  prepared  by  us  via  the  chlorination  of  the  methyl  group  in 
the  p-nitrophenylmethylsulfide  and  replacement  of  the  chlorine  atoms  in  it  by  fluorine  with  the  aid  of  antimony 
trifluoride.  The  p-nitrophenyl-trifluoromethylsulfide  was  reduced  into  the  amine  [2].  The  amino  group  was  re¬ 
placed  with  other  substituents  by  the  Sandmeyer  reaction. 


SCF8  derivatives  differ  in  their  physical  properties  from  the  corresponding  SCHj  derivatives.  Replacement 
of  the  methyl  group  by  the  trifluoromethyl  group,  as  in  many  other  cases,  lowers  the  boiling  point  of  the  compound. 
The  specific  gravity  of  the  preparations  with  the  SCFj  substituent  is  higher  than  the  specific  gravity  of  the  con- 
esponding  compounds  with  the  SCHj  group.  Trifluoromethylmercapto  derivatives  melt  lower  in  the  majority  of 
cases  than  substances  which  contain  methylmercapto  groups. 

In  the  table  we  present  the  physical  properties  of  compounds  with  the  general  formula  (I)  and,  for  com¬ 
parison,  the  data  on  the  physical  properties  of  the  corresponding  para -substituted  methylphenylsulfides  which  are 
presented  in  the  literature. 


R- 

<  VSCF, 

2>-SCH3 

R 

1  Temperature  | 

Specific 

gravity 

1  Temperature  | 

Specific 

gravity 

1  M.p. 

B.P. 

M.p. 

B.p. 

H 

i 

1  _ 

141-142*  [1] 

4®  1.2661 

- 

189-190*  [4] 

d”  1.0576  [5] 

Br 

i 

190-191 

dj*  1.6463 

37*  [4] 

255  [4] 

dj®  1.4584  [5] 

K  - 

86-87 

1.8677 

38  [6] 

— 

1 

[ 

at  10  mm 

1 

OH  ! 

57-58* 

— 

84-85  [7]  ! 

1  — 

CN 

40  -41 

— 

— 

64  [6] 

— 

COOH 

160  -161 

— 

— 

192  [6] 

— 

COOCjHj 

— 

96-97 

df  1.2752 

28  [8] 

168  [8] 

j 

at  5  mm 

j 

at  15  mm 

The  trifluoromethylmercapto  group  is  stable  and  resistant  to  the  action  of  acids  and  alkalis.  Thus,  when  p- 
cyanophenyltrifluoromethylsulfide  is  saponified  with  concentrated  hydrochloric  acid  in  a  sealed  tube  at  130-140* 
for  6  hours,  the  SCF3  decomposed. 

In  contrast  to  the  CFs  group  in  p -hydroxybenzotri fluoride  [9],  the  SCFs  group  in  p-hydroxyphenyltrifluoto- 
methylsulfide  is  not  changed  by  the  action  of  a  2  N  solution  of  alkali  in  the  cold  or  upon  heating. 

•  The  p-amino-  and  p-acetylaminophenyltrifluoromethylsulfides  were  described  by  one  of  us  and  A.  I. 
Kiprianov  in  a  previous  work  [2]. 


In  the  SCFs  radical,  the  electrons  are  drawn  off  from  the  sulfur  atom  by  the  electronegative  trifluoromethyl 
group.  This,  apparently,  explains  the  fact  that,  in  contrast  to  phenylenethylsulfide  and  its  derivatives,  compounds 
which  contain  SCFs  **  *  substituent  do  not  add  molecules  of  chlorine  or  biomine  with  the  formation  of  the  stable 


grouping  R-SBts  . 

This  same  fact  probably  also  explains  why  p-nitrophenylmethylsulfide  dissolves  in  concentated  sulfuric  acid 
with  the  formation  of  a  reddish -violet  solution  [10],  while  p-nitrophenyltrifluoromethylsulfide  gives  a  yellow  colored 
solution  when  dissolved  in  concentrated  sulfuric  acid. 

p-Acetylaminophenyltiifluoromethylsulfide  was  treated  with  a  nitrating  mixture:  under  these  conditions  the 
nitro  group  was  located  in  the  ortho  position  to  the  acetylamino  group.  After  saponification  of  the  acetyl  group 
and  reduction  of  the  nitroamine  into  diamine,  the  latter, ll’le  dl  o-phenylenediamines,  forms  the  corresponding 
derivatives  of  quinoxaline  and  phenanthrazine  with  benzil  and  phenanthraquinone: 


F3CS 


TO 


SCF3  SCF,  SCF^ 

J  J  ^ 

NHCOCH^  HHCOCH^  NH^ 


SCF^ 

X 

r  > 


1 


The  compounds  containing  theSO^  CFs  group  were  prepared  by  oxidizing  p-nitrophenyltrifluoromethylsulfide 
with  chrome  mixture,  reducii^  the  nitro  group  into  the  amino  group  and  replacing  it,  by  the  Sandmeyer  reaction, 
with  other  substituents.  The  S(\CFj  group  is  less  resistant  to  the  action  of  alkalis  than  the  SCFs  group.  Thus, 
when  p-hydroxyphenyltrifluoromethylsulfone  is  boiled  for  5  minutes  with  dilute  or  concentrated  alkali,  the  fluoride 
ion  is  detected  in  the  solution. 


2-Amino-6-ttifluoromethylbenzthiazolylsulfone  was  obtained  by  the  rhodanization  of  p-aminophenyltri- 
fluoromethylsulfone: 


NHt 


'  C-NHj. 


EXPERIMENTAL 

Phenyltrichloromethylsulfide 

40  g  of  methylphenylsulflde  was  dissolved  in  120  g  of  dry  chloroform,  and  dry  chlorine  was  passed  through  the 
solution  while  it  was  being  cooled  with  ice  water  and  illuminated  with  a  lamp  (200  W).  During  a  period  of  20  min¬ 
utes,  chlorine  was  absorbed  and  hydrogen  chloride  was  not  evolved.  Then  an  abundant  evolution  of  hydrogen  chloride 
began.  The  chlorination  was  continued  until  the  calculated  increase  in  weight  was  obtained  and  then  the  solution 
was  left  for  1  hour  at  room  temperature.  The  chloroform  was  distilled  off.  The  product  was  vac-uum  distilled.  The 
b.p.  was  108-110*  at  5  mm.  The  m.p.  was  35*.  The  yield  was  66  g  (90 ‘5^). 

Found  Cl  46,63,  46.73.  C^l^SCl,.  Calculated  %  Cl  46.79 
Phenyltrifluoromethylsulfide 

32  g  of  phenyltrichloromethylsulfide  and  32  g  of  sublimed  antim.ony  trifluoride  were  rapidly  heated  in  a  Wurtz 
flask  until  the  exothermic  reaction  began.  The  phenyltrifluoromethylsulfide  which  formed  was  distilled  off.  The 
product  was  extracted  with  ether  and  the  ethereal  solution  was  washed  with  6  N  HCl  and  then  with  water  and  was 
dried.  The  product  distilled  at  140  -142  (in  accord  with  the  melting  point  of  this  compound,  set  forth  in  the  patent 
[1]',  Hp  1.4619.  The  yield  was  17.5  g  (70*ifc). 


p-Aminophenyltrifluoromethylsulfide  was  prepared  by  reducing  the  corresponding  nitro  derivative  [2]. 

p  -Bromophenyltrifluoromethyliulfide .  a)  BIS  g  of  p-aminophenyltrifluoromethylsulfide  was  diazotized,  and 

the  amino  group  was  replaced  with  bromine  In  the  usual  way  by  Sandmeyer’s  method.  The  yield  of  a  product 
with  b.p.  190 -191":  1,5126  was  4  g  (52*^). 

Pound'll):  S  12.70,  12.76.  CTHtSBrF,.  Calculated ‘it:  S  12.46. 

b)  the  p-bromophenyltrifluoromethylsulfide  was  also  prepared  from  p-bromophenylmethylsulfide  via 
chlorination  of  the  methyl  group  and  replacement  of  the  chlorine  atoms  with  fluorine  with  the  aid  of  SbF). 

9.1  g  of  p-bromophenylmethylsulfide  [11]  was  dissolved  in  45  ml  of  dry  chloroform,  and  dry  chlorine 
was  passed  through  the  solution  for  1  hour.  The  flask  was  cooled  with  ice  water.  The  mixture  was  let  stand 
for  1  hour,  at  room  temperature.  The  chloroform  was  distilled  off.  The  yield  of  p-bromophenyltrichloromethyl- 
sulfide  was  quantitative-13.6  g.  After  crystallization  from  alcohol,  the  product  melted  at  78*. 

Founder  S  10.39,  10.12.  CtH4SC1,Bi.  Calculated  *5^:  S  10.44 

6.5  g  of  p-bromopdienyltrichloromethylsulfide  and  5  g  of  sublimed  antimony  tri fluoride  were  quickly 
heated  to  boiling  in  a  Wurtz  flask.  The  product  was  distilled,  extracted  with  ether,  the  ethereal  solution  washec 
vith  6  N  HCl,  then  with  water,  and  was  dried.  The  ether  was  distilled  off.  The  product  distilled  at  190-191*, 

Hq  1.5126.  The  yield  was  4.2  g  {'1'1,'fh). 

>-lodophenyltrifluoromethylsulfide 

5  g  of  p-aminophenyltrifluoromethylsulfide  was  diazotized  and  the  amino  group  replaced  with  iodine  by 
.he  Sandmeyer  reaction.  The  yield  of  product  was  4.3  g  (bb^h).  The  b.p.  was  86-87*  at  10  mm,  n^  1.5588. 

=  -)und‘7o;  5  10.56,10.80.  C7H4SF3I.  Calculated‘S  5  10.52. 

p-Hydroxyphenyltrifluoromethylsulfide 

7  g  of  p-aminophenyltrifluorornethylsulfide  was  diazotized  in  a  sulfuric  acid  solution.  The  mixture  was 
stirred  for  1  hour  at  room  temperature  until  the  precipitate  of  amine  salt  disappeared.  The  solution  of  diazonium 
salt  was  slowly  added  from  a  dropping  funnel  into  a  steam  distillation  flask.  The  diazonium  salt  was  decomposed, 
ind  the  phenol  was  simultaneously  steam  distilled.  The  distillate  was  saturated  with  sodium  chloride.  The  phenol 
was  extracted  with  ether.  The  ether  was  distilled  off.  The  product  was  vacuum  distilled.  The  b.p.  was  77-78“ 
at  7  mm,  and  the  m.p.  57-58®.  The  yield  was  4.9  g  (70*^). 

Found  5  16.47,  16.68.  C^CSF,.  Calculated  ^  5  16.5 

The  p  -nitrobenzoyl  derivative  of  the  phenol  melted’ at  81-82*. 

Found '^5  9.40,  9.51.  Ci4H,04NSF3.  Calculated‘S);  5  9.33. 

3,5-Dibromo-4-hydroxyphenyltrifluotomethylsulfide  was  prepared  by  adding  bromine  to  a  solution  of  the 
phenol  in  acetic  acid.  The  solution  was  left  overnight.  The  needles  which  precipitated  were  filtered  and 
crystallized  from  acetic  acid.  The  m.p.  was  54-55®.  The  product  can  also  be  purified  by  sublimation. 

Found  ‘S);  5  8.91,  8.99.  CTl%OBrjSF3.  Calculated  5  9.09. 
p-Cyanophenyltrlf’lgoromethylsulfide 

10  g  of  p-aminophenyltrifluoromethylsulfide  was  diazotized  and  the  amino  group  replaced  with  the  nitrile 
grcup  in  the  usual  way,  by  5andmeyer''s  method.  After  completion  of  the  decom]X)sition  of  the  cyanide  complex 
of  the  diazonium  salt,  the  product  wfis  steam  distilled  and  extracted  from  the  distillate  with  ether.  The  ethereal 
solution  was  washed  with  2  N  sodium  hydroxide  and  then  with  water.  The  ether  was  distilled  off.  The  product 
was  shaken  with  a  hydrochloric  acid  solution  of  stannous  dichloride.  The  nitrile  -was  separated,  washed  with 
water  and  extracted  with  ether.  The  ethereal  solution  was  dried,  washed  with  alkah  and  water,  and  the  ether 
distilled  off.  The  product  was  vacuum  distilled.  The  b.p.  was  89-90*  at  10  mm.  After  crystallization  from  low- 
boiling  petroleum  ether,  the  m.p.  was  40-41*.  The  yield  was  4.4  g  (42‘^fc), 

Found N  7.0,  7.13.  C,H4N8I^."  Calculated ‘?t>;  N6.9. 
p-Carboxyphenyltrifluoromethylsulfide 

2.4  g  of  p-cyanophenyltriflurxomethylsulfide  was  sealed  in  a  tube  with  6  ml  of  concentrated  hydrochloric 
acid  and  heated  for  6  hours  at  a  temperature  of  130-140*.  After  opening  the  tube,  the  product  was  filtered  and 
dissolved  in  alkali.  The  alkaline  solution  was  filtered,  and  the  p-carboxyphenyltrifluoromethylsulfide  was 
precipitated  with  hydrochloric  acid.  The  yield  was  2,26  g  (83*^),  After  crystallization  from  aqueous  alcohol, 
the  m.p.  was  160 -161*. 


Found‘d  8  14.54,14.61.  Equiv.  220.  CjHsOiSFj.  Calculated‘S  S  14.42.  Equiv.  221. 

The  acid  chloride  of  the  acid. 

Obtained  by  heating  3  g  of  the  acid  on  a  water  bath  with  a  5 -fold  excess  of  thionyl  chloride  for  3  hours.  The 
thionyl  chloride  was  distilled  off.  The  product  was  vacuum  distilled.  The  b.p.  was  104-105*  at  12  mm.  The  yield 
was  3  g  (92S). 

The  ethyl  ester  of  p -carboxyphenyltrifluoromethylsulfide; 

Prepared  by  heating  2.4  g  of  the  acid  chloride  of  the  acid  on  a  water  bath  with  10  ml  of  anhydrous  ethyl  alco¬ 
hol.  The  alcohol  was  distilled  off..  The  product  was  vacuum  distilled.  A  liquid  with  a  pleasant  odor  was  obtained. 
The  b.p.  was  96-97*  at  5  mm,  n^  1.4812.  The  yield  was  2.2  g  (88S). 

T  he  hydrazide  of  the  acid 

Prepared  by  boiling  the  ethyl  ester  of  the  acid  with  hydrazine  hydrate.  After  crystallization  from  aqueous 
alcohol,  the  m.p.  was  124-125* 

Founds  N  12.12  ,  12.16.  CgH^Ol^SFj.  Calculated  S  N  11.86. 

The  amide  of  the  acid. 

Prepared  from  the  acid  chloride  of  the  acid  and  aqueous  ammonia.  The  amide  was  crystallized  from  aqueous 
alcohol.  The  m.p.  was  125-126*. 

Found  S  N  6.44,  6.49.  CjH^NSF,.  Calculated  S.  N  6.34. 

3-Nitro-4-acetylaminophenyltrifluoromethylsulfide. 

3.6  g  of  p-acetylaminophenyltrifluoromethylsulfide  was  placed  in  a  three-necked  flask,  equipped  with  a 
mechanical  stirrer,  a  thermometer  and  a  droppii^  funnel.  A  nitrating  mixture  (6  ml  of  HNO^,  d  1.41,  and  7  ml 
of  H1SO4,  d  1.84),  cooled  to  ~5*,  was  slowly  added  to  the  acetyl  derivative.  The  mixture  was  stirred  for  2  hours. 
During  and  after  the  addition  of  the  nitrating  mixture,  the  temperature  was  kept  at  2  -4*.  The  product  was  poured 
out  on  ice,  filtered  and  washed  with  water.  The  yield  of  crude  product  was  4.2  g.  After  crystallization  from  alco¬ 
hol,  3.7  g  (86S)  of  long  yellow  needles  with  a  m.p.  of  101-102*  was  obtained. 

Founds  N  10.08,  9.9.  C9H7Clil^SFj.  Calculated  S  N  10.00. 

3-Nitro-4-aminophenyltrifluoromethylsulfide. 

3.6  g  of  3-nitro-4-acetylaminophenyltrifluoromethybulfide  was  boiled  on  a  water  bath  with  a  solution  of  1.2 
g  of  potassium  hydroxide  in  10  ml  of  75S  alcohol  for  15  minutes.  The  mixture  was  left  overnight.  The  solution  was 
diluted  with  water,  and  the  product  filtered  and  washed  with  water.  The  yield  was  2.9  g  (95S).  After  crystallization 
from  alcohol,  the  m.p.  was  85-86*. 

Founds  N  11.82,  11.90.  CjHjO^N^SFs.  Calculated  S  :  N  11  76 

3,4-Diaminophenyltrifluoromethylsulfide. 

A  solution  of  10  g  of  stannous  dichloride  in  40  ml  of  concentrated  hydrochloric  acid  was  gradually  added  to 
a  solution  of  3  g  of  3-nitro-4-aminophenyltrifluoromethylsulflde  in  25  ml  of  alcohol.  The  temperature  was  kept 
at  50-60*.  The  solution  was  then  heated  for  1  hour  on  a  water  bath.  The  alcohol  was  distilled  off  untbr  the  vacuum 
created  by  a  water  jet  pump.  The  residue  was  rendered  alkaline  with  a  soluticn  of  sodium  hydroxide.  The  product 
was- extracted  with  ether.  The  ethereal  solution  was  dried.  The  ether  was  distilled  off.  The  yield  was  1.9  g  (75S). 
After  crystallization  from  aqueous  alcdiol,  it  consisted  of  white  needles  with  a  m.p.  of  46-47*. 

Found  S  N  13.62  13.69.  CyH^l^SF,.  Calculated  S  N  13.46. 

The  diacetyl  derivative 

Prepared  from  the  diamine  and  acetic  anhydride.  After  crystallization  from  alcohol,  the  m.p.  was  190-191*. 

Found  S  N  9.36,  9.49.  CuHnO^NjSFj.  CalcuUted  S  N  9.58.  ^ 

2,3-Diphenyl-6-trifluoromethylmercaptoquinoxaline. 

0.2  g  of  3,4-diaminophenyltrifluoromethylsulflde  and  0.2  g  of  benzil  were  dissolved  in  alcdiol  and  heated  on 
a  water  bath.  After  dilution  with  water,  the  product  was  filtered  and  crystallized  from  aqueous  alcohol.  The  m.p. 
was  140-141*.  The  yield  was  0.25  g  (66*^). 
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Found  °k  N  7.48,  7,36.  C^iHijN^SF,,  Calculated  N  7.33. 
2-Trifluoromethylniercaptophenanthrazlne. 


A  solution  of  0.2  g  of  3,4-dianiinophenyltrifluoromethylsulfide  in  7  ml  of  alcohol  was  added  to  a  warm  solution 
of  0.2  g  of  phenanthiaquinone  in  20  ml  of  glacial  acetic  acid.  After  several  minutes,  the  reaction  product  precipitated. 
The  yield  was  0.25  g  (66*70).  The  m.p.  was  200-201*.  After  crystallization  from  alcohol  ,  the  meltii^  point  did  not 
change. 

Found N  7.23,  7.38.  C^iHul^SF,.  Calculated*^  N  7.36. 
p-Nitrophenyltrifluoromethylsulfone . 

44.6  g  of  p-nitrophenylmethylsulfide,  28  g  of  CrOj,  28  ml  of  HjSO^  and  35  ml  of  water  were  placed  in  a  reaction 
vessel  equipped  with  a  mechanical  stirrer,  a  thermometer  and  a  reflux  condenser.  The  mixture  was  stirred  for  15  hours 
at  a  temperature  of  120-130*.  The  product  was  steam  distilled  and  filtered.  44.8  g  of  the  sulfone  was  obtained.  After 
crystallization  from  200  ml  of  alcohol,  the  yield  amounted  to  41.5  g  (81.3*5^)  .  The  m.p.  of  85-86*  was  in  accord 
with  that  set  forth  in  the  patent  [1]. 

p-Aminophenyltrifluoromethylsulfone. 

To  a  solution  of  33  g  of  p-nitrophenyltrifluoromethylsulfone  in  150  ml  of  alcohol,  a  solution  of  120  g  of 
SnClj  in  150  ml  of  concentrated  hydrochloric  acid  was  gradually  added  at  such  a  rate  that  the  temperature  did 
not  rise  above  60*.  The  mixture  was  then  heated  for  1  hour  on  a  water  bath.  The  alcohol  was  distilled  off  under 
a  water  jet  pump  vacuum.  The  solution  -was  poured  out  on  a  mixture  of  ice  and  40‘!^»  NaOH  solution.  The  amine 
was  extracted  with  ether.  The  ether  was  distilled  off.  The  product  was  crystallized  from  alcohol.  The  m.p.  was 
36-97*.  The  yield  was  26  g  (89.3*70), 

Found  *70:  N  6.3,  6.32.  C^HgOiNSFa.  Calculated  *7>:  N  6.22 

The  acetyl  derivative  melted  at  132-133*. 

Found  *70:  N  5.45,  5.5.  CsH,OiNSFa.  Calculated  %  N  5.25. 
p-Bromophenyltrifluoromethylsulfone. 

3  g  of  p-aminophenyltrifluoromethylsulfone  was  diazotized  and  the  amino  group  was  replaced  with  bromine 
by  the  Sandmeyer  reaction.  The  product  was  steam  distilled.  After  crystallization  from  alcohol,  the  yield  was  1.9  g 
(50*70).  The  m.p.  was  64-65*. 

Found‘d  S  10.99,  10.75.  CrHgO^SBrFa.  Calculated  *7>:  S  11.07. 
p-Iodophenyltrifluoromethylsulfone. 

3  g  of  p-aminophenyltrifluoromethylsulfone  was  diazotized,  and  the  amino  group  replaced  with  iodine,  by  the 
Sandmeyer  reaction.  After  steam  distillation,  the  product  was  crystallized  from  aqueous  alcohol.  The  m.p.  was 
78-79*.  The  yield  was  3  g  (&1%. 

Found  %  I  37.54,  37.88.  C^HgOiSIF,.  Calculated  %  i  37.80. 
p-Hydroxyphenyltrifluoromethylsulfone. 

2  g.  of  p-aminophenyltrifluoromethylsulfone  was  stirred  with  a  solution  of  sulfuric  acid  (1.5  ml  of  l^SOg  in 
10  ml  of  water)  and  diazotized  with  sodium  nitrite  (0.8  g  of  NaNO^  in  4  ml  of  water).  Upon  completion  of  the 
addition  of  the  sodium  nitrite,  the  mixture  was  stirred  for  30  minutes  at  room  temperature,  and  the  solution  was 
then  heated  until  the  diazonium  salt  was  completely  decomposed.  After  cooling,  a  brown  precipitate  settled  out, 
which  was  filtered  and  crystallized  from  water.  The  m.p.  was  119-120*.  The  yield  was  1.16  g  (58*^). 

Found  *7):  5  14.23,14.36.  CTHgO^SI^  Calculated  *7):  5  14.11. 

The  dibromide; 

Prepared  by  adding  bromine  to  an  aqueous  solution  of  p-hydroxyphenyltrifluoromethylsulfone.  After  crystall¬ 
ization  from  aqueous  alcohol,  the  m.p.  was  150®. 

Found  %  S  8.03,  7.95.  C7HjOi8BrjF3.  Calculated  ‘7>:  5  8.3. 
p-Cyanophenyltrifluoromethylsulfone. 

10  g  of  p-aminophenyltrlfluoromethylsulfone  was  diazotized  and  the  amino  group  was  replaced  with  the  nitrile 
group  by  the  8andmeyer  reaction.  After  complete  decomposition  of  the  cyanide  complex  of  the  diazonium  salt,  the 


product  was  steam  distilled  and  filtered.  The  yield  was  5.2  g  After  crystallization  from  aqueous  alcohol,  the 

m.p.  was  89-90*. 

Found  %  N  6.07,  6.13.  CgHtO^NSF,.  Calculated  %  N  5.96. 

p-Carboxyphenyltrlfluoromethylsulfone. 

2.4  g  of  p-cyanophenyltrifluoromethylsulfone  was  heated  in  a  sealed  tube  with  6  ml  of  concentrated  hydro¬ 
chloric  acid  for  6  hours  at  126 *130*.  After  opening  the  tube,  the  acid  was  filtered,  waii’ed  with  water  and  crystallized 
from  aqueous  alcohol.  The  m.p.  was  239-240®.  The  yield  was  2.3  g  (88*^). 

Found  %  S  12.50,  12.74.  CgHjQjSFs.  Calculated  %  s  12.59. 

The  acid  chloride  of  the  acid; 

Prepared  by  boiling  2.3  g  of  the  acid  with  12  ml  of  thionyl  chloride  for  4  hours  on  a  water  bath.  The  excess 
thionyl  chloride  was  distilled  off  and  the  product  vacuum  distilled.  The  b.p.  was  149-150*  at  20  mm,  and  the 
m.p.  was  29-30*.  The  yield  was  2  g  (83*^). 

The  ethyl  ester. 

Prepared  by  boiling  the  acid  chloride  of  the  acid  with  anhydrous  eth  yl  alcohol.  The  b.p.  was  148-149*  at 
10  mm,  m.p.  47-48*. 

The  amide  of  the  acid. 

Prepared  by  two  methods:  1)  from  the  acid  chloride  and  aqueous  ammonia;  m.p.  196-197*  (from  aqueous 
alcohol);  2)  by  saponifying  the  nitrile  with  aqueous -alcoholic  alkali  in  the  presence  of  hydrogen  peroxide  by 
•Udziszewski's  method  [12];  m.p.  196-197*. 

Found  %  N  5.67,  5.78.  CjH^NSFj.  Calculated  %  N  5.53. 

2  -  Agiino  -  6-  trifluoromethylbenzthi  az  ol  ylsu  1  f  on  e . 

1.7  g  of  ammcmium  thiocyanate  was  added  to  a  suspension  of  2  g  of  p-aminophenyltrifluoromethylsulfone  in 
14  ml  of  glacial  acetic  acid,  and  while  the  mixture  was  being  cooled  and  stirred,  1,7  g  of  bromine  in  4  ml  of  gla¬ 
cial  acetic  acid  was  added.  Upon  completion  of  the  addition  of  bromine,  the  mixture  was  stirred  for  1  hour  and 
left  overnight.  Water  (60  ml)  was  then  added  and  the  mixture  was  heated  to  boiling,  cooled  and  filtered.  The 
free  amine  was  isolated  from  the  filtrate  with  soda.  The  product  crystallized  from  aqueous  alcohol.  The  yield  was 
1.2  g  (50*^).  The  m.p.  was  220-221®. 

Found  N  9.79,  9.83.  CjHjO^l^SjFs.  Calculated  %  N  9.93. 

SUMMARY 

30  compounds  containing  the  SCFj  and  SO^CF}  groups  as  substituents  in  the  benzene  nucleus,  were  synthesized 
and  their  properties  described. 
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PREPARATION  OF  QUINALDINE  DERIVATIVES  FROM  AROMATIC 


AMINES  AND  VINYL  ETHERS 

B.  A.  Porai- Koshits,  L,  S,  Efros,  V.  N.  Vertkina  and  V.  V.  Lutsenko 


Quinaldine  is  a  valuable  intermediate  product  which  has  found  application  in  the  synthesis  of  strong  acidic 
and  cyanine  dyes.  The  reciprocal  reaction  of  acetaldehyde  with  aniline  is  used  at  the  present  time  to  prepare  it. 
in  this  reaction,  quinaldine  (I)  is  formed  either  directly  [1]  or  via  a  stage  of  formation  of  a  product  of  obscure 
structure  (the  so-called  Schulz  base  [2]).  which  is  fused  by  Lyashenko‘s  method  [3]  with  zinc  chloride.  The  reac¬ 
tion  in  which  quinaldine  is  formed  by  this  method  can  be  represented  by  the  following  scheme; 


CH  CH 

(I) 


Nitrobenzene  or  its  sulfonic  acid  [4]  is  usually  used  as  the  oxidizing  agent  which  is  necessary  for  the  reac¬ 
tion.  The  yield  of  quinaldine  by  this  method,  even  in  the  better  modification  of  Lyashenko  [3],  does  not  exceed 
50%, 

Since  work  with  acetaldehyde  involves  a  number  of  difficulties,  while  the  vinyl  ethers  are  at  the  present  time 
in  a  number  of  cases  more  accessible  than  acetaldehyde,  we  determined  to  try  to  use  these  ethers  for  the  synthesis 
of  quinaldine  and  its  derivatives.  This  work  also  proved  to  be  interesting  because  up  to  the  present  time  no  one  has 
studied  the  reaction  of  the  vinyl  ethers  and  primary  aromatic  amines,  and.  naturally,  this  question  was  not  treated 
in  Shostakov sky's  monograph  [5], 

The  very  first  experiments  which  we  carried  out  involving  the  condensation  of  vinylbutyl  ether  with  anilin© 
in  the  presence  of  mineral  acid,  showed  that  this  reaction  proceeds  very  readily.  The  product  obtained,  after  care¬ 
ful  rectification,  was  identified  in  the  form  of  the  picrate  with  the  picrate  of  known  quinaldine.  We  then  undertook 
to  delineate  the  conditions  for  preparing  quinaldine  by  this  method,  and  found  that  there  is  a  definite  optimum 
acidity  of  the  medium  in  which  the  reaction  is  carried  out.  This  apparently  indicates  that  here,  just  as  in  certain 
other  reactions  which  are  catalyzed  by  hydrogen  ions  [6],  their  role  is  dual:  they  activate  the  vinylbutyl  ether  and 
render  the  aniline  passive,  forming  the  unreactive  jAenylammonium  ion  with  it. 

The  yield  of  quinaldine.  obtained  by  the  optimal  modification,  amounts  to  47-52%  i.e.,  does  not  exceed 
the  yield  of  product  by  Lyashenko* s  method.  However  the  simplicity  and  convenience  of  bringing  about  the  re¬ 
action  argues  in  favor  of  the  practical  value  of  preparing  quinaldine  from  vinylbutyl  ether. 

We  then  attempted  to  use  this  reaction  for  the  synthesis  of  quinaldine  derivatives,  using  for  this  aniline  which 
contained  various  substituents. 

6-Methylquinaldine  (II)  was  thereby  obtained  from  p-toluidine;  8-methoxyquinaldine  (III)  from  o-anisidine, 
while  neither  from  p-aminophenol  nor  from  rn -jAenylenediamine  were  quinaldine  derivatives  obtained;  —  only 
resinous  products  were  formed. 
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In  exactly  the  same  way,  the  quinaldine  derivatives  (IV),  (V)  and  (VI)  were  obtained  from  anthranilic  acid 
and  from  o-  and  p-nitroaniline,  while  both  m-nitroaniline  and  2,4-dinitroaniline  proved  to  be  incapable  of  enter¬ 
ing  into  the  condensation: 


Thus,  the  reaction  of  aromatic  amines  with  vinyl  ethers  appears  to  be  a  general  method  for  preparing  quin¬ 
aldine  derivatives.  The  success  of  die  reaction,  however,  depends  on  the  character  of  the  substituents  which  are 
found  in  the  nucleus.  In  the  case  of  the  strongly  activated  molecules  of  a  reacuve  amine  (aminophenol,  m-phen- 
ylenediamine).  as  well  as  in  the  case  of  deactivation,  particularly  of  the  o- position  to  the  amino  group  (m-nitrO’- 
aniline),  quinaldine  derivatives  are  not  obtained. 

The  present  work  fulfills  a  project  of  A.  E.  Porai-Koshits. 


EXPERIMENTAL 

Preparation  of  quinaldine  (optimal  modification  of  the  method).  25  g  (0.25  mole)  of  vinylbutyl  ether  was 
.died  in  the  form  of  drops  to  a  mixture  of  12  g  of  aniline  (0.13  mole),  5  g  of  nitrobenzene  (0.04  mole)  and  39  g 
concentrated  HCl  (0.4  mole)  while  die  mixture  was  being  stirred  and  heated  on  a  boiling  water  bath.  Upon 
completion  of  the  addition  of  the  ether,  the  mixture  was  heated  for  30  minutes  more  and  then  the  excess  nitrobenzene 
was  steam  distilled  off.  The  solution  obtained  was  neutralized  with  10<7o  soda  solution  and  the  oil  which  was  formed 
was  extracted  widi  100  ml  of  ether.  To  separate  the  aniline  [7],  the  ethereal  solution  was  dried  over  roasted  sodium 
sulfate.  9  g  of  phthalic  anhydride  was  added,  and  the  mixture  was  stirred  for  1  hour.  The  mass  was  treated  with  lO^o 
soda  solution  until  the  reaction  of  the  aqueous  layer  was  alkaline  to  brilliant  yellow  paper.  The  ethereal  layer  was 
separated,  wa^ed  with  water  and  dried  with  roasted  sulfate,  and  the  ether  was  distilled  off  at  atmospheric  pressure. 
The  quinaldine  which  was  left  was  distilled  at  5  mm  residual  pressure,  and  the  fraction  which  boiled  at  99''101° 
was  collected. 

The  yield  of  quinaldine  was  8.2-9. 3  g  (44-50<7o).  The  product  did  not  contain  aniline  (test  with  calcium 
hypochlorite).  The  melting  point  of  the  picrate  was  193-194*. 

Found;  M  143.7  (potentiometric  titration),  142  (cryometry  in  benzene),  C20H9N.  Calculated:  M  143 


6“Methyl quinaldine.  6-Methylquinaldine  was  prepared  in  exactly  the  same  way  as  quinaldine.  After  carry¬ 
ing  out  the  reaction  betwe  jn  5.5  g  of  p-toluidine  and  10.5  g  of  vinylbutyl  ether  in  16.5  ml  of  concentrated  HCl, 
the  reaction  mass  was  neutralized  with  soda  and  the  oil  which  was  evolved  was  extracted  with  ether.  The  ethereal 
solution  was  treated  with  phthalic  anhydride  to  separate  the  p-toluidine  which  had  not  reacted,  and  was  distilled. 

The  oil  which  was  obtained  partially  congealed  on  cooling;  the  product  was  separated  and  crystallized  from 
ether.  6-Methylquinaldine  with  a  m.p.  of  57-59*  was  obtained.  Its  picrate  had  a  m.p.  of  178*.  The  literature 
data  [8]  are.  respectively,  59-60*  and  178*. 

8-Methoxyquinaldine.  7.5  g  of  vinylbutyl  ether  was  added  in  the  form  of  drops  to  a  mixture  of  5.5  g  of 
o-anisidine  and  12  ml  of  concentrated  HCl  which  was  being  heated  on  a  water  bath  and  being  stined.  The  reac¬ 
tion  mass  was  kept  under  these  conditions  for  1  hour  and  then  diluted  with  water  and  neutralized  with  10%  soda 
solution.  The  thick  oil  which  precipitated  was  extracted  with  benzene;  after  a  portion  of  the  latter  was  distilled 
off,  the  colorless  8-methoxyquinaldine  crystallized  from  the  remaining  solution  on  cooling;  it  melted  at  123*  [9] 
after  one  crystallization  from  benzene.  The  yield  was  1,8  g  (25%). 

Quinaldine- 3-carboxy lie  acid.  15  g  of  vinylbutyl  ether  was  added  in  the  form  of  drops  to  a  mixture  of  10.5 
g  of  antfatanlllc  acid  and  24  ml  of  concentrated  HCl  while  the  mixture  was  being  heated  on  a  water  bath  and  being 
stirred.  The  mass  was  kept  under  these  conditions  for  1  hour  and  then  concentrated  to  dryness.  The  resinous  residue 
was  seated  with  a  mixture  of  equal  parts  of  alcohol  and  ether,  after  which  the  precipitate  was  dissolved  in  a  small 
quantity  of  water.  The  aqueous  solution  was  carefully  neuttalized  with  ammonia  to  a  very  weakly  alkaline  reaction 
with  brilliant  yellow  paper  as  the  indicator.  The  acid  was  isolated  in  the  form  of  colorless  needles  with  a  m.p.  of 


147®,  in  a  quantity  of  3.4  g  (24<7o).  After  aystallization  from  water,  the  m.p.  was  154*. 

6-Nitroquinaldihe.  12  g  of  p'-nitroaniline,  24  ml  of  concentrated  HCl  and  15  g  of  vinylbutyl  ether  were  the 
starting  materials  for  the  synthesis.  After  neutralizing  the  reaction  mass  with  soda,  a  yellow  {xoduct  was  isolated 
which  was  twice  reprecipitated  with  soda  from  a  solution  in  dilute  hydrochloric  acid  and  crystallized  from  aqueous 
alcohol  for  purification.  The  yield  of  product  with  a  m.p.  of  165*  was  7.4  g  (45%). 

8-Nitroquinaldin&  The  starting  materials  were  6  g  of  o~nitroaniline.  12  ml  of  concentrated  HCl  and  7.5  g 
of  vinylbutyl  ether.  The  reaction  mass  was  diluted  with  water,  filtered  from  resin  and  neutralized  with  a  10%  solu¬ 
tion  of  soda.  A  black  resinous  product  precipitated  which  slowly  solidified. '  It  was  separated,  dissolved  in  concen¬ 
trated  HCl,  the  solution  Altered  free  of  contamination  and  neutralized  with  anunonia  ;  a  yellow  precipitate  thereupon 
settled  out  which  was  crystallized  from  dilute  alcohol.  The  long  yellow  needles  of  8-nitroquinaldine  melted  at 
139*.  The  yield  was  3.6  g  (44%). 


SUMMARY 

The  reciprocal  reaction  of  primary  aromatic  amines  with  vinyl  ethers  leads  to  the  formation  of  quinaldine 
derivatives. 
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MEROCYANINE  DYES  DERIVED  FROM  RHODANINE 


VI.  DIMETHINEMEROCYANINES  CONTAINING  THE  ALKYL  OR  PHENYL  GROUP  IN  THE  POLYMETHINE  CHAIN 

M.  V.  Delchmeister,  Z.  P.  Sytnik,  I.  I.  Levkoev  and  E.  B.  Lifshits 

in  preceding  works  [1.2],  devoted  to  the  investigation  of  merocyanine  derivatives  of  rhodanine  (I;  A  and  B 
=  H;  n  =  0  1  or  2).  we  studied  the  influence  of  the  nature  of  the  heterocyclic  nitrogen-containing  radicals  and  the 
long  external  polymethine  chain  on  the  properties  of  these  dyes: 


where  V  =  O,  S.  Se,  CH=CH.  C(CH5)2.  N—CHg  etc.;  Z  =  carbon  or  the  =CH~C=C—  group  (in  the  latter  case  the 
V  grouping  is  absent);  n  =  0,  1  or  2. 

The  entrance  of  substitutent  groups  into  the  polymethine  chain  of  the  cyanine  dyes  exerts  a  considerable  in¬ 
fluence  on  their  color  [3-12],  and,  depending  on  the  character  and  position  of  the  substituents,  and  also  on  the  nature 
of  the  heterocyclic  nitrogen-containing  residue,  either  a  bathochromic  or  a  hypsochromic  displacement  of  the  ab¬ 
sorption  maximum  can  be  observed. 


The  question  of  the  influence  of  substituents  in  the  polymethine  chains  of  the  merocyanines  on  their  color 
has  still  been  investigated  very  little.  A  number  of  chain- substituted  merocyanines  have  been  presented  in  the  patent 
literature  which  have  been  proposed  as  sensitizers  for  silver  halide  photographic  emulsions  [13-16].  The  positions  of 
the  absorption  and  activation  maxima  have  been  presented  for  certain  of  these  dyes.  A  few  of  the  works  of  A.  van 
Dormael  with  his  coworkers  have  been  devoted  to  the  synthesis  and  investigation  of  dimethinemerocyamnes  which 
contain  various  complex  substituents  in  the  meso  position  [17,  18].  However,  it  is  not  possible  on  the  basis  of  these 
data  to  draw  definite  conclusions  concerning  the  influence  of  the  presence  of  substituents  in  the  polymethine  chain 
on  the  color  of  the  merocyanines.  In  this  connection,  we  synthesized  a  number  of  a  -  and  fl  4lkyl-  and  phenyl- 
substituted  dimethylmerocyanine  derivatives  of  3-ethylihodaaine  (I;  n  =  0),  whichdiffer  in  the  nature  of  the 
heterocyclic  nitrogen -containing  radicals,  and  investigated  their  absorption  spectra  in  alcoholic  solutions. 

Meso-  methyl  substituted  merocyanmes  with  benzthiazole,  benzoxazole,  thiazoline,  4-phenylthiazole  and 
6-dimethylaminobenzthiazole  radicals  (I;  A  =  H;  B  =  CH3)  were  synthesized  with  satisfactory  yields  by  heating  the 
quaternary  salts  of  the  corresponding  bases,  containing  the  methyl  group  in  the  2  position,  with  3-ethylrhodanine 
and  acetic  anhydride  in  pyridine  (cf.  [13a]. 


For  the  synthesis  of  meso-ethyl-  and  phenyl- substituted  merocyanine  derivatives  of  benzthiazole,  and  also  of 
0 -naphdiothiazole  and  benzselenazole  with  a  methyl  group  at  the  central  carbon  atom  of  the  polymethine  chain,  the 
quaternary  salts  of  2-0 -methoxy-[19,'20]  or  methylmercaptoalkenyl  derivatives  [15  al  of  the  corresponding  bases  (II) 
were  used  which  were  condensed  with  3-ethylrhodanine  in  propanol  in  the  presence  of  trie  thy  lam  ine.  It  was  also  found 
that  in  the  reaction  of  3-ethylrhodanine  with  the  quaternary  salts  of  2-0 -anilinobutenylbenzoxazole  and  2-0-anilinois0 
butenylbenzthiazole,  the  corresponding  a  -  aqd  0 -ethyl  substituted  muroc^'aninisare  formed.  The  most  satisfactory 
yields  in  these  cases  were  obtained  by  carrying  out  the  reaction  in  a  mixture  of  butanol  and  pyridine  in  the  presence  of 
triediylwnine.  ■  t*'* 


condensing  the  quaternary  salts  of  2-ethyl-  and  2-ben2yl-benzthiazole  and  also  of  2-ethylbenzoxazole  with  3-ethyl- 
5-aceianilinomethylenethodanine  (III)  in  a  mixture  of  butanol  and  pyridine  In  the  presence  of  triethylamine.  More 
deeply  colored  salt-like  dyes  were  formed  as  by-products  in  this  reaction;  they  were  separated  by  chromatographing 
them  on  aluminum  oxide. 

The  absorption  maxima  and  molar  extinction  coefficienB(£  )  of  dimethylmerocyanines  with  the  benzthiazole 
and  benzoxazole  radicals  which  contain  substituents  in  the  beta-position  of  the  polymethine  chain,  are  presented  in 
table  1 ,  ,  , :  ‘  ^ 


TABLE  1 
General  Formula; 


V  =  S 


T 


V  =  0 


'  '^max. 
:(mp) 


€  10“ 


Displace-' 
ment  in 
comparison  , 
with  the  un-' 
substituted 
dye  (in  ni)j) 


max. 

(  mu) 


10 


Displacement 
in  comparison 
witii  the  un¬ 
substituted 
dye  (in  mp) 


As  is  evident  from  Table  1,  the  en¬ 
trance  of  alkyl  groups,  and  also  of  the 
phenyl  group  Into  the  beta  position  of 
these  dyes  causes  a  deepebing  of  the  color. 
The  absorption  coefficient  remains  un-' 
changed  under  these  conditions  in  the' 
case  of  the  thia- derivatives,  or  is  some¬ 
what  lowered,  while  it  is  appreciably  inc¬ 
reased  for  dyes  with  the  benzoxazole  re¬ 
sidue. 

It  can  be  assumed  by  analogy  with 
the  8,10-substituted  thiacarbocyanines 
[6]  that  the  bathochromic  displacement  of 
the. absorption  maximum  observed  in  the 
0 -substituted  merocyanines  is  associated 


H  .  .  524 

11.31 

- 

;  492  1 

!  8.05 

-■ 

with  disturbance  of  the  plane  structure  of 

CHj,  .  540 

li.29  j 

16 

610  ! 

!  13.25 

18  ' 

their  molecules,  due  to  the  closeness  of 

CjHs,  J  540 

8.35  I 

16 

j 

*  •- 

- 

the  substituting  groups  in  the  external 

C^Hj.  1  536 

■  9.40  i 

12 

‘  ”  , 

!  i 

i 

chain  to  the  heterocyclic  radical.  It  is 

.  ’  rather  strange  that  the  coefficient  of  ab¬ 

sorption  of  the  merocyanines  investigated  is  not  lowered  relative  to  that  of  the  unsubstituted  dyes.  However,  a 
similar  phenomenon  was  also  observed  in  the  case  of  8, 10-di-  and  trimethylenethiacarbocyanines  [7,9],  the  deep 
color  of  which,  evidently,  is  associated  with  disturbance  of  the  plane  structure  of  their  molecules.  The  absorption 
maxima  of  a~substituted  merocyanines  with  the  benzthiazole  and  benzoxazole  radicals  are  given  in  Table  2. 

As  is  evident  from  Table  2,  entrance  of^.ibc'-  '-n  •.  into  the  apposition  of  merocyanines  with  the  bensfthiaz- 
ole  radical  causes  a  badiochromic  displacement  of  the  absorption  maximurh  which  reaches  18  m  p  in  the  case  of  the 
phenyl  group.  The  bathochromic  influence  of  the  alkyl  groups  is  still  more  significant  for  dyes  with  the  benzoxazole 
radical.  It  is  »/ell  known  that  in  the  case  of  thiacarbocyanines.  a  methyl  group  in  the  meso-position  causes  a  hypso- 
chromic  displacement  equal  to  14  mp  [3-5],  while  for  oxa-  and  thiazolinocarbocyanines,  on  the  other  hand,  the  ab¬ 
sorption  maximum  is  displaced  into  the  long-wave  region  under  these  conditions  [3,  12]. 


From  this  point  of  view,  it  was  of  interest  to  investigate  the  a-methyl-substituted  merocyanines  with  nitro¬ 
gen-containing  radicals  of  varying  basicity.  The  absorption  maxima  of  a  number  of  a -methyl  substituted  mero¬ 
cyanines  are  set  forth  in  Table  3,  and  are  arranged  in  the  order  of  increasing  bathochromic  influence  of  the  methyl 
group.  It  is  evident  from  the  data  of  Table  3,  that  the  entrance  of  a  methyl  group  at  the  central  carbon  atom  of 
the  polymethine  chain,  in  the  case  of  the  merocyanine  with  the  4-phenylthiazole  radical,  causes  an  insignificant 
hypsochromic  displacement  of  the  absorption  maximum;  as  one  proceeds  to  dyes  with  radicals  which  ate  less  basic, 
this  effect  becomes  bathochromic  and  increases  all  the  more  as  the  basicity  of  the  mtrogenous  heterocyclic  rad¬ 
ical  decreases. 


TABLE  2, 
General  Formula; 


C2H5 


A 

V  =S 

-  V  =0 

^max. 

( in  mp) 

Displacement 
in  comparison  with 
the  unsubstituted 
dye  (  in  mp ) 

^max. 

(  io  mp ) 

Displacement 
in  comparison 
with  the  unsub¬ 
stituted  dye 
(  in  m/I ) 

H . 

524 

- 

492 

— 

CH3.  .  .  . 

532 

8 

504 

12 

C^t^s  .  .  .  . 

536 

12 

506 

14 

CgHs.  .  .  . 

542 

18;. 

— 

- 

In  the  slightly  basic  merocyanines, 
the  electron  displacements  from  the  rutro- 
gen  atom  toward  the  carbonyl  oxygen  are 
evidently  relatively  small,  as  a  conse- 
epenceibf  which  the  electron  density  is  ir- 
jBgulaily  distributed  in  their  chromophore. 
The  entrance  of  an  electropositive  mediyl 
group  at  the  central  carbon  atom  of  the 
polymethine  chain  of  these  dyes  should 
lead  to  increasing  of  the  electron  displace¬ 
ment  at  the  oxygen  and,  consequently 
to  the  equalization  of  the  electron  den¬ 
sity  in  the  chromophore,  as  a  result  of 
which  deepening  of  the  color  can  be  ex¬ 
pected. 


TABLE  3 
General  formula; 


When  the  basicity  of  the  heterocy¬ 
clic  nitrogen-containing  radical  of  the  di- 
methinemerocyanine  derivatives  of  rhodan* 
ine  is  increased,  their  polarity  is  consid¬ 
erably  increased  [1,  21-24].  In  this  case , 
the  entrance  of  a  methyl  group  at  the  central  carbon 
atom  of  the  polymethine  chain  ^should  still  more  in¬ 
crease  the  polarity  of  the  dye,  and  can  lead  to  dimin¬ 
ishing -the  regularity  of  the  distribution  of  the  electron 
density  in  the  chromophore,  and,  in  connection  with 
this,  to  an  intensification  of  the  color. 

The  experimental  data  obtained  by  us  concern¬ 
ing  the  influence  of  the  methyl  group  in  the  meso- po¬ 
sition  of  the  polymethine  chain  of  merocyanines  on 
their  color  are  in  complete  agreement  with  the  con¬ 
siderations  indicated  above. 

EXPERIMENTAL 

lodoethylate  of  2-B-anilinopropenyIbenzoxazole. 
A  mixture  of  2.9  g  of  the  lodoethylate  of  2-methyl- 
benzoxazole  and  3.1  g  of  ethylisodiiopropionanilide 
was  heated  for  1  hour  at  160“  in  a  round-bottomed 
flask  with  an  air  condenser.  The  solid  reaction  mass 
was  triturated  with  50  ml  of  ethyl  alcohol  and  the  precipitate  was  filtered  off  and  washed  with  alcohol.  The  yield  was 
2.2  g  (53.d%).  The  m.p.  was  179-181“.  The  product  was  crystallized  from  ethyl  alcohol  (1  part  per  12  ml)  for  puri¬ 
fication.  The  weight  was  1.7  g.  It  consisted  of  pinkish  flakes  with  a  m.p.  of  183-184“. 

Found  <%;  N  6.77.  C19H21ON2I  Calculated^;  N  6.66. 


Heterocyclic 
nitrogenous  rad¬ 
ical  Z 

^max.  (inmp) 

Displacement 
(  in  mp ) 

> 

II 

A  =  CHj 

4-Phenylthiazole 

538 

536 

-2 

6-Dimethylamino- 

benzthiazole 

553 

556 

+  3 

B  -Naphthothiazole 

542 

548 

+  6 

Benzselenazole 

524 

532 

+  8 

Benthiazole 

524 

532 

+  8 

Benzoxazole 

492 

512 

+  12 

ThiazoUne 

482 

495 

+  13 

The  quaternary  salts  of  the  heterocylclic  nitrogen-containing  bases  were  synthesized  by  heating  equimolecular 
quantities  of  the  base  and  the  ethyl  ester  of  p-toluenesulfonic  acid  in  a  flask  with  an  air  condenser,  equipped  with  a 
calcium  chloride  tube.  The  condition  of  the  heating  were  as  follows:  for  the  ethyl- p-toluenesulfonates  of  2-methyl- 
benzthiazole  (III).  2-methyl-6-dimethylaminobenzthiazole  (IV)  and  2-ethylbenzthiazole  (V)  —  4  hours  at  140-145“, 
for  the  same  esterates  of  2-mediylbenzoxazole  (VI)  and  2-methyl-4-phenyIthiazole  (VII)  —  5  hours  at  140-145“,  and 
for  the  esterate  of  2-methylthiazoline  (VIII)  “  1  hour  at  120-125“.  The  ethyl-ethylsulfate  of  2-benzylbenzthiazole 
(XV)  was  prepared  analogously,  by  heating  base  witiidlethyl;  sulfate  for  6  hours  at  130“.  The  quaternary  salts  were 


TABLE  4 


Dye  1 

Quantity 

(g) 

Solvent 

Of  I  pr  II 

Of  acetic 

Of  the  quater- 

Formula 

Quantity 

! 

anhydride 

nary  salt 

(  in  ml) 

3-Ethyl-5-[3'  -ethyl-4'  -phenyl- 
thiazolinyliden-2’  -(  a  -methyl )- 
eihyliden]-thiazolidinthion  -(2)- 
one-(4) 

3-Ethyl-5-[3'  -ethyl-6’  -dimethylam- 
inobenzthiazolinyliden-2'  -(a  -methyl)- 
ethyliden>thiazolidinthion  -(2)-one- 

0.48  (I) 

0.9 

1.12  (VII) 

C5H5N 

3.5 

(4) 

0.48  (I) 

0.9 

1.17  (IV) 

CgHgN 

3.5 

3-  Ethyl-5-[3'  -ethyl-4'.  5'  -benzoben^i- 
azolinyli  den-2'  -(a“methyl)-ethyliden]- 
thiazolidin-thion  -(2)-oneX4)  [14a] 
3-Ethyl-5-[3‘  -ethylbenzselenazolinyli- 

.0.19  (I) 

- 

0.43  (XUI) 

n-QHgOH 

2 

den-2'  -(a  -methyl)-etiiyliden]-thiazo- 
lidinthion  -(2)-one-(4)  [19] 

3-Ethyl-5-[3’  -ethylbenzthiazolinyli- 
den-2'-(a  -methyl)-ethyliden]-thiazol- 

0.19  (I) 

- 

0.41  (XIV) 

n-CjHyOH 

1.5 

idinthion  -(2)-one-(4)  [13a.  25] 

3.2(1) 

6 

6.98  (III) 

C5H5N 

24 

3“Ethyl-5-[3’-ethylbenzoxazolinyliden- 
2’  -(a  -methyl)-ethylidenl-thiazolidin- 
thion  -(2)-one-(4) 

3  -Ethyl-5’  -[3’  -e  ihylthiazolidinyliden- 

3.2  (I) 

6 

! 

6.66  (VI) 

C5H5N 

24 

2' -  (a  -  me  thy  1 )- e  thy  li  den]- thia  zolidin- 
thion  -(2)-one-(4) 

3-Ethyl-5-[3’  -ethylbenzthiazolinyliden- 

0.64  (I) 

i 

1.2 

1.2  (VUI) 

C5H5N 

5 

2'-(a-ethyl)-ethyliden>thiazolidinthion  " 
(2)-one-(4) [13d] 

3-Ethyl-5-[3'-ethylbenzoxazolinyliden- 

2'-(a-ethyl)-ethyliden}-thiazolidinthioir 

0.57  (I) 

! 

1.47  (XVI) 

n-CsHyOH 

4 

(2)-one-(4) 

0.16  (I) 

— 

0.42  (X) 

C5H5N 

0.5 

n-QHjOH 

1 

3-Ethyl-5-[3'  -ethylbenzthiazolinyliden- 
2’-(a  -phenyl)-ethyliden]-thiazolidin- 
thion  -(2)-one -(4)  [15a]  ^ 

3-Ethyl-5-[3’  -ethylbenzthiazolinyliden-  i 
2’-(B-methyl)-ethyliden]-thiazolidin-  ' 

1  0.2  (I) 

I  1 

! 

- 

0.48  (XU) 

n-CsHjOH 

1.5 

thion  -(2)-one-(4) 

0.36  (II) 

— 

0.52  (V) 

C5H5N 

0.5 

n-C4H,OH 

1 

3-Ethyl-5-[3'  -ethylbenzoxazolinyliden- 
2' -(6  -methyl)-ediyliden]-thiazolidin- 
thion  -(2)-one-(4) 

0.61  (II) 

0.6  (IX) 

C5H5N 

0.8 

n-C4HjOH 

1.5 

3-Ethyl-5-[3’  -ethylbenzthiazolinyliden- 
2’  -(0  -ethy4)-ethyliden]-  thiazolidinthion  - 
(2)-one-(4) 

0.16  (I) 

0.41  (XI) 

C5H5N 

0.5 

n-C4H50H 

1 

3-Ethyl-5-[3’-ethylbenzthiazolinyliden- 
2'  -  (0  -  phenyl  )-ediyliden  ]- thiazolidin¬ 
thion  -(2)-one-(4)* 

0.9  (II) 

1.13  (XV) 

C5H5N 

f 

1  1.2 

n-C4H90H 

1  2.5 

\ ' 

•  The  dye  was  purified  by  chromatographing  it  on  aluminum  oxide 
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Triediy- 
lamine 
(in  g) 


0.1 


0.1 


Duration  of 
boiling  (in 
minutes) 


90 


90 


30 


I  30 


90 


0.15 


90 


120 


10 


Yield 

(in<7o) 


30.9 


24.6 


19.3 


34.2 


15.4 


28 


27 


15 


0.1 


45 


27.7 


0.12  I  10 


25;6 


0.1 


60 


58 


0.22 


120 


34.6 


0.1 


0.3 


45 


150 


58 


9.4 


•  •  Found  %  S  23.73^0,  calculated  S 

•  •  •  Toluene 


Quantity  of  ethyl 

Superficial 

M.p. 

Analysis 

alcohol  for  cry- 

form 

Found 

Calculated 

stallization' 

(•ml/  g) 

content 

of  N 
(in  <%) 

Empirical 

formula 

N  ( in  <%) 

500 

Fine  dark  red 

needles 

230-231" 

1.20 

7.21 

100 

Shiny  green 
prisms 

249»250 

*  « 

CwHzjONjSs 

«  • 

1650 

Fine,  dark  red 
needles 

243 

7.00 

^21^2001^283 

6.78 

500 

i 

Shiny,  dark  re^ 
prisms 

202-203 

6.60 

6.84 

1400 

1 

i 

\ 

Shiny,  violet 
prisms 

Brown  needles 

217-218 

7.57 

CitHuONjSj 

7.72 

1  1100 

i 

j 

with  a  green 
luster 

222-224 

7.95 

Ci7Hi502N2S2 

8.11 

i  230 

! 

Red  prisms 

187-188 

9.01 

Ol3HigON2S3 

8.90 

! 

100 

j 

Violet  prisms 

162-164 

7,64 

CigH2,ON2S3 

7.44 

120 

Fine  red 
needles  . 

165-167 

7.71 

018H2I02N2S2 

7.77 

i 

70 

Violet  prisnis 

245-247 

6.75 

C22H20ON2S3 

6,59 

1  400 

i  * 

Violet  flakes 

•i 

205-207 

7.70 

CnHi£ON2Ss 

7.72 

i 

i 

j  250 

Red  needles 

209-210 

8.03 

Cj7HjgC)2N2S2 

8,08 

i 

1  •  •  •  37 

Shiny  green 
flakes 

177-178 

7.49 

02gfl2oON2Ss 

7.43 

220 

23.71®^. 

Dark  red 
prisms 

210-212 

6.37 

022fl2oON2S3 

6.59 
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used  to  prepare  the  dyes  without  purification.  The  ethylmethylsulfates  of  2-0-melhoxy  and  6-methylmercapto- 
alkenyl  derivatives  of  the  heterocyclic  nitrogenous  bases  were  synthesized  analogously,  by  heating  the  corresponding 
acyl-  and  thio4:ylmethylenic  compounds  with  dimethylsulfate.  The  conditions  of  heating  for  the  ethylmethylsul¬ 
fates  of  2-6“methoxypropenyl-6-naphthothiazole  (XIII)  (1  hour  at  140*),  2-8 -methoxypropenylbenzselenazole,  (XIV) 

(  30  minites  at  120*).  and  for  the  ethylmethylsulfates  of  2-8-methylmercaptobutenylbenzthiazole  (XVI)  and  2-8- 
methylmercaptostyrylbenzthiazole  (XII)  (10  minutes  at  120*)  were  as  indicated. 

Synthesis  of  the  merocyanines  .  The  conditions  for  preparing  the  merocyanines,  the  yields,  the  melting  points 
of  the  dyes  and  tiie  analytical  results  are  set  forth  in  Table  4.  The  following  symbols  have  been  adopted  for  the  ini¬ 
tial  pH-oducts  in  this  table:  3-ethylrhodanine  “  I.  3-ethyl-5-acetanilinomethylenerhodanine  -  II,  iodoethylate  of 
2-ethylbenzoxazole  —  IX  iodoethylate  of  2-8 -anilinopropenyl-benzoxazole  —  X,  ethylperchlotate  of  2-8-anil- 
incisobutenylbenzthiazole  —  XI.  The  conventtaion  sumbols  for  the  quaternary  salts  of  the  heterocyclic  bases  and 
their  derivatives  are  set  forth  above  in  the  description  of  the  synthesis(in  -  VIII  and  Xn  -  XVI. 

In  all  cases,  the  dyes  which  were  formed  on  cooling  were  filtered  off,  washed  with  water  and  ethyl  alcohol, 
and  recrystallized  to  constant  melting  point.  In  certain  cases,  preliminary  chromatography  on  aluminum  oxide  in 
benzene  solution  was  utilized. 

SUMMARY 

1.  A  number  of  dimethinemerocyanine  derivatives  of  3-ethylrhodanine  with  various  heterocyclic  nitrogenous 
radicals  containing  die  alkyl  or  phenyl  group  in  the  alpha  or  beta  positions  of  the  polymediine  chain  were  synthesized. 

2.  It  was  made  clear  that  the  introduction  of  an  alkyl  or  phenyl  group  into  the  alpha  or  beta  positions  of  the  poly 
rnetbine  chain  of  the  dimethinemerocyanines  with  the  benzthiazole  and  benzoxazole  radicals  causes  a  bathochromic 
displacement  of  the  absorption  maximum. 

3.  It  was  shown  diat  the  bathochromic  displacement  of  the  absorption  maximum  caused  by  the  introduction 
of  the  methyl  group  into  the  alpha  position  of  the  external  polymethine  chain  of  the  merocyanines  which  were  in¬ 
vestigated,  diminishes  with  increasing  basicity  of  the  nitrogenous  heterocyclic  radical,  and  in  the  case  of  the  dye 
with  a  4-phenylthiazole  radical,  becomes  hypsochromic. 
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PREPARATION  OF  ALIPHATIC- AROMATIC  N  -  B  IS  -  (  CHL  OROE  T  H  YL )  -  A  MINES 
K.  V.  Levshina  and  S.  I.  Sergeievskaya 

Aliphatic- aromatic  N-bis-(chloroethyl)-amines,  [Ar(CH2)nN(CH2CHiCl)2]  have  been  comparatively  little 
studied,  although  they  are  of  undoubted  interest  for  biological  research.  In  the  present  work,  we  prepared  new  com¬ 
pounds  of  this  type,  specifically,  benzyl-N-bis-(chlotoethyl)“amines  with  alkoxy  groups  in  the  aromatic  nucleus; 
in  addition,  certain  other  analogous  compounds  were  also  synthesized.  In  the  synthesis  of  benzyl-N-bis-fchloro- 
etiiyl)-amines.  the  most  convenient  method  proved  to  be  that  [1]  in  which  the  starting  materials  are  aromatic 
chloromethylated  compounds  of  the  (ArCH2Cl)  type.  The  N-b  is-(hydroxyethyl)-benzylamines,  [ArCH2N(CH2CH20H)2], 
are  formed  by  the  action  on  them  of  diethanolamine,  and  the  hydroxy  groups  are  replaced  by  halogen  by  any  met¬ 
hod.  The  success  of  the  synthesis  depends,  in  large  measure,  on  the  availability  of  the  initial  chloromethylated 
compound  and  on  its  properties. 

Almost  all  of  the  initial  chloromethylated  alkoxycompounds  were  obtained  by  us  by  the  action  of 
paraform  and  hydrogen  chloride  in  an  anhydrous  benzene  medium  on  phenol  ethers,  and  only  4-methoxy-3-.nit- 
robenzylchloride  was  prepared  by  the  action  on  o-nitroanisole  of  formalin  and  hydrogen  chloride  in  die  presence 
of  zinc  chloride  [2]. 

In  addition,  we  used  other  methods,  for  the  most  part  ones  which  hare  already  been  described  in  the  liter¬ 
ature  for  example:  fl  “chloromethylnaphthalene  was  prepared  by  chlorinating  B-methylnaprfithalene  [31  p-cyano- 
benzylbromide,  by  the  bromination  of  p-tolunitrile  [41  while  the  o-  and  m-methoxybenzylchlorides  were  pre¬ 
pared  from  the  corresponding  methoxybenzyl  alcohols  by  replacing  the  hydroxy  group  with  chlorine  [5]. 

We  utilized  new  data  in  working  out  the  methods  for  preparing  cer&in  of  the  starting  materials,  to  wit,  m- 
methoxybenzyl  alcohol  and  m-methyoxybenzoic  acid.  We  prepared  m-methoxybenzoic  acid  by  oxidizing  m- 
methojyacetophenone  with  sodium  hypochlorite;  there  is  no  reference  to  such  a  method  of  preparing  it  m  the  lit¬ 
erature.  The  conversion  of  m-methoxybenzoic  acid  into  m-methoxybenzyl  alcohol  was  accomplished  previously 
[6]  by  electrolytic  reduction;  we  reduced  this  acid  with  the  aid  of  Uthium  aluminum  hydride;  in  addition,  we  pre¬ 
pared  the  amide  of  the  acid  and  reduced  it  to  the  methoxybenzyl  alcohol  by  means  of  a  sodium  amalgam.  Both 
this  and  the  other  method  gave  completely  satisfactory  results,  but  the  first  of  them  (LiAlH4)  is  mote  convenient 
for  experimental  work. 

In  the  majority  of  cases  the  condensation  of  all  of  the  chloromethylated  compounds  obtained  was  carried 
out  without  solvent,  and  the  latter  was  required  only  in  the  condensation  of  m-methoxybenzylchloride  and  p-met- 
hoxy-m-nitrobenzylchloride.  Either  benzene  or  chloroform  was  used  as  solvent.  The  substituted  benzyl“bis-(hy- 
droxyethyl)- amines  formed  as  a  result  of  the  condensation  were  not  isolated  in  the  pure  form,  but  after  the  con¬ 
densation  had  been  carried  out.  they  were  at  once  subjected  to  the  action  of  thionyl  chloride.  The  benzyl-N-bis- 
(chloroethyl)-amines  thus  obtained  were  isolated  either  in  the  form  of  the  bases,  or  in  the  form  of  the  hydrochlo¬ 
rides  (Table  1), 

EXPERIMENTAL 

Chloromethylation  of  the  phenol  ethers.  1.4  Mole  of  paraform  (well  ground  and  screened  through  a  fine 
sieve)  was  required  per  mole  of  phenol  ether,  and  anhydrous  benzene  was  recpiired  in  a  4- fold  quantity  in  relation 
to  the  quantity  of  phenol  ether;  a  stream  of  hydrogen  chloride  was  passed  into  the  mixture  obtained  for  4.5  hours 
at  a  temperature  of  0*.  The  small  colorless  precipitate  which  was  left  was  filtered  off,  and  the  benzene  solution 
was  treated  in  the  usual  way.  After  distilling  off  the  benzene,  the  resi  due  was  vacuum  distilled.  The  chlorome- 
thylated  compounds  presented  in  Table  2,  were  obtained  in  this  manner. 

m-Methoxy  benzoic  acid,  10  g  of  m-methyoxyacetophenone  was  gradually  added  to  sodium  hypochlorite, 
prepared  by  saturating  a  mixture  of  30  g  of  sodium  hydroxide,  40  ml  of  water  and  40  g  of  ice  with  chlorine  until 
the  weight  increase  amounted  to  21.5  g.  As  the  reaction  proceeded,  evolution  of  heat  and  strong  foaming  was 
observed;  by  external  cooling  with  ice,  the  temperature  was  prevented  from  rising  above  80*  due  to  the  heat  evol¬ 
ution.  ^fter  adding  the  m-metJhoxyacetophenone,  the  reaction  mixture  was  stirred  for  1.5  hours  more,  and  then 
the  solu^on  was  filtered  off  and  sodium  bisulfite  was  added  to  the  filtrate  in  the  required  quantity.  The  m-meth- 
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Compounds  of  the  sttucture  ArCHtNfCHjCHjCl)! 


Chlorine 
(  in  %) 

Found 

35.92 

36.05 

35.62 

34.07 

32.08 

32.59 

31.31 

32.33 

35.81 

33.12 

Calcu¬ 

lated 

35.67 

35.67 

35.67 

34.30 

32.62 

32.62 

31.25 

32.42 

36.28 

33,44 

Nitrogen 
(in  <%) 

Found 

4.55 

4.55 

4,75 

4.53 

4,37 

4.45 

4.33 

4.57 

8.50 

9,44 

4.27 

3 

O 

0  « 

4.69 

4.69 

4.69 

4.51 

4.28 

4.28 

4,11 

4.26 

8.15 

9,54 

4.39 

c 

00  S 
o  ^ 

>% 

X 

Found 

6.23 

6.26 

6.16 

6.44 

6.58 

6.52 

7.02 

5.93 

5.28 

5.06 

5.78 

1 

a  TJ 

a  s 
(3  ^ 

6,03 

6.03 

6.03 

6.81 

6.74 

6.74 

7.04 

6.08 

4.94 

5.11 

5.65 

a 

•o 

§ 

o 

(1. 

48.28 

48.22 

48.58 

50.24 
51.96 

51.58 
53.02 
47.57 

42.24 

49.24 

56.69 

u  a 

Calcu¬ 

lated 

48.24 

48.24 

48.24 

50.43 

51.46 

51.46 

52.87 

47.48 

41.92 

49.06 

56.50 

Solvent 

Benzene 

Ben  zene  -  chi  oro  for  m 
jnixture 

Toluene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene-alcohol 

mixture 

1  Mefltyl  alcohol 
Benzene-alcohol 

mixture 

Ethyl  acetate  - 
alcohol  mixture 

Formula  of  the 
hydrochloride 

^  y  0>  rt 

yu  uuuuoy  -5* 

zz  zzzzz^  u 

oo  oooooo  ox  Z 

a  9  a  a  a  a  s  s  s  a  a 
ZZ  zzzzzz  zz  z 

25533^*****  M 

uu  uuauuu  uu  u 

M.p.  of  the 
hydrochloride 

105-107* 

124-125,5 

101-103 

120-121.5 

.124.5-126.5 

148.5- 150.5 

129- 130 

175-176 

130- 132 

125.5- 127.5 

161-163 

B.p.  of  the 
base 

150—160*  at  5  mm 
154—156*  at  3  mm 

159— 163*  at  2—3  mm 
165—167*  at  2—4  mm 
165-170*  at  2-3  mm 
167—170*  at  3-  4  mm 
178—184*  at  2—4  mm 

160— 170*  at  2—3  mm 

•s~  “ 

M 

< 

II  u  i 

VV  Vool&i  o5  V 

0,0  CQ«CUO«Ol.CO  cq 

oxybenzoic  acid  was  isolated  by  acidifying  the  sol" 
ution  with  hydrochloric  acid;  after  recrystallization 
from  water,  the  acid  melted  at  105-106*;  the  yield 
was  7  g. 

The  amide  of  m-methoxybenzoic  acid  was 
prepared  from  the  methyl  ester  of  the  acid,  prepared 
by  esterification  in  die  presence  of  sulfuric  acid.  A 
mixture  of  10  g  of  the  methyl  ester  of  m"methoxy" 
benzoic  acid  and  25  ml  of  aqueous  ammonia  was 
placed  in  a  thick" walled  vessel  and  saturated,  while 
being  cooled,  with  gaseous  ammonia,  after  which  the 
vessel  was  tightly  covered  and  the  mixture  was 
shaken  at  room  temperature  for  30  hours.  The  amide 
of  the  acid  wMch  precipitated  melted  at  132-134* 
after  recrystallization  from  alcohol;  it  was  insol- 
uble  in  water,  difficultly  soluble  in  benzene  and 
soluble  in  alcohols. 

6.885  mg  substance:  0.559  ml  Ng  (24",  727  mm). 
Found  N  8.92.  QHjOzN.  Calculated  %  N  9,27. 

m-Methoxybenzyl  alcohol,  a)  5  g  of  m" 
methoxybenzoic  acid,  dissolved  in  a  mixture  of  140 
ml  of  dry  ether  and  100  ml  of  benzene,  was  gradually 
added  to  1.88  g  lithium  aluminum  hydrode  in  40  mi 
of  dry  ether;  a  vigorous  evolution  of  heat  was  thereupon 
observed;  after  the  addition  of  the  m-methyoxybenzoic 
acid,  the  stirring  and  heating  were  continued  for  1  hour' 
and  the  mixture  was  then  cooled  and  initially  11-12  ml 
of  water  and  then  a  solution  of  7.8  ml  of  sulfuric  acid  in 
156  ml  of  water  was  added;  the  ether-benzene  layer  was 
separated,  washed  with  water  and  dried.  After  distilling 
off  the  solvents,  the  residue  was  vacuum  distilled;  die 
b.p.  was  130-135*  at  11-12  mm,  and  the  yield,  3  g. 

b)  200  g  of  5%  sodium  amalgam  was  added 
in  small  portions  to  a  mixture  of  4  g  of  the  amide  of 
m-methoxybenzoic  acid,  30  ml  of  alcohol  and  30  ml 
of  water,  with  the  acidity  of  the  solution  being  main¬ 
tained  by  the  addition  initially  of  acetic  acid  and  then 
of  50*70  sulfuric  acid.  Upon  completion  of  the  reaction, 
the  mercury  was  separated,  the  aqueous  layer  was 
neutralized  with  20*7o  NaOH  solution  and  the  alcohol 
was  driven  off  in  a  vacuum,  after  which  the  solution 
was  extracted  with  ether.  After  distilling  off  the  ether 
the  residue  was  vacuum  distilled.  1.8  g  of  the  methoxy- 
benzyl  alcohol  with  a  b.p.  of  130*  at  20-25  mm  was 
obtained. 

m-Methoxybenzyl  chloride  was  prepared 
by  the  action  of  phosphorus  trichloride  on  m-meth- 
oxybenzyl  alcohol  in  a  chloroform  solution;  the  b.p. 
was  106-108*  at  12-14  mm. 

Preparation  of  substituted  benzyl-bis- 
(chloroethyl)-amines.  0.98  Mole  of  diethanola¬ 
mine  which  was  heated  to  65*  was  placed  in  a  flask 
equipped  with  a  stirrer,  a  reflux  condenser,  a  ther¬ 
mometer  and  a  dropping  funnel.  The  corresponding 
chloromethylated  compounds  (ArGHjCl)  were  added 


1 


TABLE  2 


in  the  form  of  drops  at  this  temperature,  and  while  the  mixture  was  being  stirred  at  such  a  rate  that  the  temperature 
within  the  reaction  mixture  did  not  rise  above  75-80“;  the  reaction  mass  was  then  heated  for  4-5  hours  more  at  a 
temperature  of  95-98“,  after  which  it  was  cooled  to  65“  and  a  benzene  solution  of  thionyl  chloride  (6  moles)  was 
gradually  added,  and  the  solution  again  heated  for  3  hours  (temperature  in  the  flask  around  80*);  the  benzene  and 
-excess  thionyl  chloride  were  then  distilled  off  in  a  vacuum.  The  oily  substance  left  was  dissolved  in  water,  separated 

by  filtration  from  resinous  admixtures,  and  a  concen¬ 
trated  solution  of  soda  was  added  to  the  filtrate  until 
the  reaction  was  alkaline  to  litmus.  The  substance 
which  separated  was  extracted  with  ether  and  the 
ethereal  solution  was  washed  with  water  and  dried 
with  sodium  sulfate.  The  ether  was  driven  off  and 
the  residue  was  vacuum  distilled.  The  distilled 
substance  was  dissolved  in  ether  and  an  ethereal 
solution  of  hydrogen  chloride  was  gradually  added 
to  the  solution.  The  hydrochlorides  of  the  substituted 
benzyl-N-bis-(chloroethyl)-amines  were  recrystall¬ 
ized  from  organic  solvents. 


Formula 

B.  p. 

Yield  (in  %) 

p-CHjOCeH4CH2Cl 

86-95“  (3—5  mm) 

50-  55 

P-C2H5OC8H4CH2CI 

108-110(5—6  mm) 

45-50 

P-C3H7OC6H4CH2CI 

118-122(7  —9  mm) 

50 

P'*iso*“  C3H70C(H^CH2C1 

112-116(7-8  mm) 

50 

P-C4H,OCbH4CH2C1 

132-133(3-5  mm) 

68-70 

3.4-(OCH5)2C,HjCH2a 

1 

135-145(10  mm) 
m  p.  68-71 

38 

SUMMARY 


Nucleus-substituted  benzyl- N-bis-(chloroethyl)-amines  which  had  not  previous^  been  described  in  the 
literature  were  prepared  and  new  data  relative  to  the  method  of  preparing  certain  of  the  starting  materials  were 
submitted. 
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4- ALKOX  YMETHYL-  AND  4  -  A  RYL  OX  Y  ME  T  H  YL  -  2  -  (  p- A  MI  NO  PHEN  YL)  -  T  HI  A  ZO  LE  S 


S .  G.  Fridman 


In  a  preceding  work  [11  the  synthesis  of  6-aminobenzthiazoles  with  alkoxy  and  aryloxymethyl  groups  in 
position  2  was  described. 

In  the  present  work  the  synthesis  of  similar  derivatives  of  thiazole  ~  the  4 -alkoxy methyl-  and  4-ary- 
loxymethyl-2-(p-aminophenyl)-thiazoles  of  the  general  formula: 

HC-S 

II  \  _/~\ 

ROCHjC  C— (  >  NH, 

\  Z'  VV 

N 


are  described. 

3  Isomeric  (p-aminophenyl)-diiazoles  [2]  are  described  in  the  literature,  but  compounds  simultaneously 
containing  the  p-aminophenyl  and  alkoxy  or  aryloxymethyl  radical  have  not  been  prepared  by  anyone  up  to  this 
time. 


The  synthesis  under  consideration  was  accomplished  by  the  reaction  of  4“chloromethyl-2-(p-nitrophenyl)- 
tniazole  with  alcoholates  and  phenolates  and  subsequent  reduction  of  the  ethers  of  4-hydroxymethyl-2-(p-nitro- 
phenyl)-thiazole  into  corresponding  amino  derivatives  in  accord  with  the  scheme: 


"If 


ClCHi-C  N02 


CH— S 

ROGHj-d!  C 

\  / 

N 


-O 


NO,- 


where  R  =  CHs,  C2H5.  C3H7(  n-and  iso-),  C4H9  (n-  and  iso-),  CsHu  (iso), 

C^Hu  QHg.  p-C1C^H4.  o-CH,CX:gH4.  P-CH3OQH4.  C:6H5CH2 

The  initial  4-chloromethyl-2-(p-nitrophenyl)“thiazole  is  well  known  and  was  (xepared  by  nitrating  4- 
chloromethyl-2''  phenylthiazole  [3],  Preliminary  experiments  showed  that,  under  the  conditions  which  we  used  for 
the  synthesis  of  2-alkoxymethyl-6-nitrobenzthiazoles  [1],  only  sodium  methylate  and  benzylate  react  with  4-chlotOr 
methyl-2-  (p-nitrophenyl)-thiazoles  with  the  formation  of  4-methoxymethyl-  and  4-benzyloxymethyl-2-(p- 
nitrophenyl)-thiazoles.  The  action  of  other  alcoholates  leads  to  the  formation  of  high-melting  products  which  were 
not  investigated  in  greater  detail. 

Another  method  was  selected  which  consisted  in  initially  obtaining  the  4-alkoxymethyl-2-i^enylthiazoles. 
which  were  then  nitrated.  The  4-alkoxymethyl-2-phenylthiazoles  were  prepared  in  excell  en  yields  by  heating  4- 
chloromethyl-2-phenyl  thiazole  with  the  corresponding  alcoholates.  They  consisted  of  colorless  liquids  which  formed 
picrates  which  crystallized  well.  The  boiling  points,  yields  and  analytical  results  for  the  4-alkoxymethyl-2-phenyl'- 
thiazoles  are  given  in  Table  1.  All  the  preparations  set  forth  are  new  compounds. 

By  the  nitration  of  4- alkoxymethyl-2- phenyl thiazoles,  products  were  formed,  in  the  molecule  of  which  the 
nitro  group  occupies,  as  one  would  naturally  expect,  the  para  position  in  the  phenyl  ring,  which  was  demonstrated 
by  oxidation  to  p-nitrobenzoic  acid.  As  in  the  case  of  nitration  of  the  2-alkoxymethylbenzthiazoles,  we  did  not 
succeed  in  obtaining  the  normal  nitration  products  under  the  conditions  which  we  used  (sulfuric  acid  medium), 
when  the  alkyl  group  was  branched.  4-Isobutoxymethyl-2-phenylthiazole,  which  formed  4-isobutoxymethyl-2- 
(  p-nitrophenyl)- thiazole  in  a  25%  yield,  was  an  exception.  The  nitration  of  4-isopropoxymethyl-2-phenylthiazole 


led  to  the  formation  of  a  product  with  a  m.p.  of  80*.  which  contained  4%  more  nitrogen  and  sulfur  than  were  re¬ 
quired.  We  did  not  investigate  this  product  in  more  detail.  By  nitrating  4-isoamyloxymethyl-2-phenylthiazole,  a 
product  with  a  m.p.  of  167-168*,  which  agreed  in  its  nitrogen  and  sulfur  content  with  the  dealkylation  product  ~ 
4-hydroxymetiiyl-2-(p-iiitrophenyl)-thiazole.  was  Isolated. 

table  1 


4-Alkoxymethyl-2-phenylthiazoles  of  the  General  Formula: 


CH-S 


ROCHj  -  C 


\ 


\. 


Sequence  No. 
of  the  compound 

R 

B.p.  at  the  given 
pressure  (mm) 

Yield 
(in  %>) 

Mp.  of 
'the 

picrate 

Empirical 

formula 

Analytical 

results 

Nitroj 

(en  (in  %) 

Found 

Calculated 

1 

C,H«- . 

172-174*  (12) 

82 

- 

C42H13ONS* 

6.07 

6  39 

■ 

6.16 

II 

CH3-CH2-CH2- . 

183-185  (12) 

71 

- 

CisHujONS 

5.75 

6  00 

CHj 

5.69 

m 

_  . 

165-167  (5) 

72 

109" 

Ci9Hi*OsN4S 

112.12" 

12,12 

CHs^ 

(picrate) 

12.34 

IV 

CHS-CH2-CH2-CH2-.  .  . 

173-174  (5) 

80 

- 

C14H17ONS 

5.19 

.S  67 

CH, 

5.24 

V 

. 

183-184  (10) 

82 

85 

C14H17ONS 

5.28 

5.67 

CHj'^ 

5.11 

CH, 

VI 

^CH-CH2-CH2-.  ,  . 

J79-181  (5) 

81 

76 

CigHigONS 

5.13 

5  36 

CHj^ 

5.14 

^H2-CH2 

vn 

CH2  .... 

206-208  (5) 

70 

89 

^22^22^^48 

11,39 

11.15 

XH2-CH2 

picrate 

11.41 

The  4-aryloxymethyl-2-(p-nitrophenyl)-thiazoles  were  prepared  with  excelled  yields  by  heating  4-chloro- 
methyl-2-(p-nitrophenyl)-thiazole  with  the  corresponding  phenols  in  acetone  solution  in  the  presence  of  anhydrous 
potadi.  The  preparations  of  this  groups  which  we  obtained  are  set  fortii  in  Table  2.  They  consisted  of  substances 
which  crystallized  very  well.  The  4-alkoxymethyl-2-(p*nitrophenyl)-thiazoles  were  quite  soluble  in  alcohol,  and 
ether,  and  were  poorly  soluble  in  water.  They  were  recrystallized  from  alcohol.  The  4-aryloxymethyl-2“(p-nitro‘' 
phenyl)-thiazoles  were  poorly  soluble  in  alcohol;  they  were  therefore  recrystallized  from  glacial  acetic  acid 


The  4''alkoxymethyl-  and  4-aryloxymethyl-2-(p“nitrophenyl)-thiazoles  were  reduced  in  an  alcohol- water 
medium  by  iron  filings  in  the  presence  of  acetic  acid.  The  majority  of  the  amines  obtained  were  isolated  in  the 
pure  form,  and  the  rest  were  identified  in  the  form  of  the  hydrochlorides  and  acetyl  derivatives.  The  amines  which 
were  isolated  consisted  of  colorless  needles,  qpite  soluMeg  in  alcohol  and  poorly  soluble  in  water.  They  were  re¬ 
crystallized  from  aqueous  alcohol.  The  yields,  melting  points  and  analytical  data  for  the  amines  isolated  are  set 
forth  in  Table  3.  We  did  not  succeed  in  isolating  the  product  of  the  reduction  of  4-benzyloxymethyl-2-<p-nitro- 
phenylj-thiazole,  probably  as  a  consequence  of  the  low  stability  of  the  beiey  loxy  group. 

The  hydrochlorides  of  the  4-alkoxy methyl-  and  4-aryloxymediyl-2»(p-aminophenyl)-thiazoles  consisted  of 
yellow  colored  needles.  The  hydrochlorides  of  the  alkoxymethyl-denvatives  were  quite  soluble  in  water,  but  jiy- 
drolyzed  at  the  same  time.  The  salts  were  readily  diazotized  and  yielded  azo  dyes  by  combination  with  B-naph- 
thol.  The  hydrochlorides  of  4-aryloxymeihyl-2-(p-aminophenyl)-thiazoles  were  difficultly  soluble  even  in  boil¬ 
ing  water.  They  were  lecrystallized  from  alcohol  The  melting  points  and  analytical  data  of  the  hydrochlorides 
are  set  forth  in  Table  4. 


The  acetyl  derivatives  of  the  4-alkoxy  methyl-  and  4-aryloxymethyl-2-(p-aminophenyl)»thiazoles  were  readily 
obuined  in  the  crystalline  form;  they  were  recrysullized  from  benzene.  The  diacetyl  derivatives  were  recrystall¬ 
ized  from  glacial  acetic  acid. 

•  Found  S  14.50,  14.68.  Calculated  S  14.60 
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TABLE  2 


4-Alkoxyinethyl-  and  4-Aryloxymethyl-2“(p-nitrophenyl)-thiazoles  of  the  General  Formula: 


CH-S 

i  \ 

ROCH2-  C  C 


NO, 


Sequence  No. 

R 

’M.p. 

Yield 

Empirical  formula 

1  Analytical  results 

of  the  compound 

Nitrogen 

j  Sulfur 

(in 

i  (  in  <%) 

Found 

Calcu- 

Found 

Calcul- 

lated 

ated 

I 

CH,-.  . . 

143-144*  1 

i 

! 

80 

ChHjqOjNjS 

11.23 

11.04 

11.20 

12.67 

12.77 

12.80 

II 

CHs-CH,- . 

90-90.5 

75 

Ci,Hi,0,N2S 

10.46 

1C.57 

10.60 

12.05 

12.15 

12.12 

UI 

CHj-CHj-CHj- _ 

84-  84.5 

1 

55 

CisHuQ,N,S 

10.17 

10.24 

10.07 

11.43 

11.60 

11.51 

IV 

CH,-  CH,-  CH,-  CH,- 

62  1 

50 

^14^16  Ps^aS 

9.80 

9.85 

9.58 

11.02 

11.08 

10.96 

V 

CH, 

^CH-CH,-.  .  . 
CH,-^ 

49.5-50 

25 

CuHi60sN2S 

9.59 

9.71 

9.58 

11.05 

11.15 

10.95 

VI 

O . 

112 

70 

Ci,Hi2p,N,S 

9.01 

9.02 

8.97 

10.17 

10.36 

10.25 

vn 

0^ . 

120 

80 

CiaHaOsNzSCl 

8.05 

10.34 

V_/ 

8.20 

8.08 

10.41 

10.24* 

vm 

i  NO,  V . 

198 

31 

CwHaOsNsS 

11.70 

8.86 

8.96 

11.82 

11.76 

9.02 

IX 

r\ . 

216-217 

15 

CtfHuOgNsS 

11.51 

8.88 

11.50 

11.76 

8.80 

8.96 

X  1 

icika/  V . 

152 

70 

C17HUO4N2S 

8.13 

9.29 

8.31 

8.18 

9.40 

9.35 

XI 

•  O-  . 

109.5-110 

64  1 

1 

1  C,7Hi404iN,S  j 

7.98 

8.17 

9.36 

9.35 

^ — ^OCH, 

1  8.11 

9.37 

XU 

(  VcH,-  .... 

I  147 

60 

1 

I  C,7HaP}N2S 

t 

1  8.81 

10.06 

1 

\ _ /  * 

8.85 

8.59 

9.81 

The  4-alkoxy methyl-  and  4-aryloxymethyl-2-(p-acetylaminophenyl)-thiazoles  consisted  of  colorless  crystals 
with  a  melting  point  above  100*.  The  melting  points  and  analytical  data  ate  presented  in  Table  5. 


EXPERIMENTAL 

4-Chloromethyl-2-phenylthiazole  was  prepared  by  condensing  symmetrical  dichloroacetone  and  thioben^- 
amide  under  the  conditions  described  in  the  literature  [3]. 

4-Chloromethyl-2-(p“nitrophenyl)-thiazole  was  also  prepared  in  accordance  with  the  literature  data  [4],  with 
small  changes.  27  g  of  4-chloromethyl- 2- phenyl thiazole  was  added  in  portions  to  50  ml  of  concentrated  sulfuric  acid 

*  It  was  analyzed  for  chlorine  content  > 
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while  it  was  being  mechanically  stirred.  ^The  solution  obtained  was  cooled  to  -1-5*,  and  a  mixture  of  30  ml  of  nitric 
acid  (d  1.5)  in  3)  ml  of  concentrated  sulfuric  acid  was  added  in  the  form  of  drops  at  this  temperature  over  a  period 
of  30-40  minutes.  The  reaction  mass  was  stirred  at  room  temperature  for  1  hour  and  then  was  poured  out  in  a  fine 
stream  into  a.2Q%  solution  of  sodium  hydroxide  (800  ml),  which  contained  800  g  of  crushed  ice.  The  precipitate 
which  settled  out  was  filtered  off,  washed  with  water,  dried  in  air  and  recrystallized  from  alcohol.  The  yield  was 
22.5  g  (70^).  The  m.p.  was  120*.  which  was  in  accord  with  the  literature  data. 


TABLE  3 

4-Alkoxymethyl-  and  4-Atyloxymethyl-2-(p-aminophenyl)-thiazoles  of  the  General  Formula 

ROCHj- 


CH-S 


C - (  )  NH, 

\  /  ^ 


Sequence  No. 
of  the  compound 

R 

M.p. 

Yield 
(in  %) 

Empirical  formula 

I 

CHj- . 

77* 

65 

CaHijONzS 

II 

CHj-CHz-CHj- 

CH, 

75 

41 

C13H16ON2S 

ni 

CH,/ 

B5 

80 

CuHiiONaS 

IV 

O- 

98 

75 

C1SH14ON2S 

V 

CH,0  - 

144-145 

80 

C17H15O2N2S 

VI 

130-131 

60 

C17H15O2N2S 

VII 

cO---- 

119 

63 

CieHi30N2SCl 

Analytical  results 


Sulfur  (  in  %) 

Found 

Calcul- 

Found 

Calcu- 

ated 

lated 

12.37 

12.46 

12.12 

14.25 

14.54 

11.45 

11.41 

11.29 

12.94 

13.04 

12.90 

10.84 

10.71 

10.68 

11.97 

12.00 

12.21 

9.70 

9.81 

9.92 

11.05 

10.89 

11.34 

8.91 

9.11 

8.98 

10.23 

10.35 

10.25 

8.83 

9.11 

8.98 

10.26 

10.37 

10.25 

Chlorine  (  in  %) 

8.91 

8.74 

8.84 

11.11 

10.94 

11.21 

4-Alkoxymethyl-2-phenylthiazoles  (I-Vll.  Table  1).  1).  0.7  g  of  sodiuni  was  dissolved  in  20  ml  of  the 
appropriate  anhydrous  alcohoL  and  a  solution  of  6.2  g  of  4-chloromethyl-2-phenylthiazole  in  15  ml  of  the  same 
alcohol  was  added  to  the  solution  obtained.  The  mixture  was  heated  on  a  boiling  water  badi  for  3  hours  and  the 
alcohol  was  then  driven  off  in  a  vacuum,  the  residue  was  stirred  into  20  ml  of  water  and  extracted  with  ether.  The 
ethereal  sdution  was  dried  with  roasted  sodium  sulfate  and,  after  driving  off  the  ether,  ihe  residue  was  vacuum 
distilled.  We  did  not  succeed  in  obtaining  a  few  of  the  compounds  (V,  VI)  in  the  analytically  pure  form.  The 
picrates  were  obtained  in  an  alcoholic  solution  and  re  crystallized  from  alcohol  . 

Nitration  of-4-ethoxymethyl-2«-phenylthiazole.  6.6  g  of  4-ethoxymethyl-2-phenylthiazole  was  added  to 
15  ml  of  concentrated  sulfuric  acid  which  was  being  cooled  and  mechanically  stirred,  and  the  solution  obtained 
was  cooled  to  -1  to  -2*.  At  diis  temperature,  a  mixture  of  7  ml  of  nitric  acid  (d  1.5)  in  10  ml  of  concentrated 
sulfuric  acid  was  added  in  the  form  of  drops  over  a  period  of  30  minutes.  The  reaction  mixture  was  stirred  for 
30  minutes  mtve  and  then  poured  out  into  a  20%  solution  of  sodium  hydroxide  (160  ml),  containing  300  g  of  crushed 
ice.  The  precipitate  which  settled  out  was  filtered  off.  washed,  dried  in  air,  and  recrystallized  from  alcohol. 

The  yield  of  recrystallized  product  was  6  g  (75%).  The  m.p.  was  90*. 

Preparations  lU,  IV  and  V  (Table  2)  were  prepared  analogously. 

4”Medioxymethyl-2-(p-nitrophenyl)-thiazole  (I)  and  4-benzyloxymethyl-2-(p-nitrophenyl)-thiazole  (XII) 
were  prepared  by  the  reaction  of  4-chloromethyI-2-(p-nitrophenyl)-thiazoIe  with  sodium  methylate  and  sodium  ben- 
zylaie  analogously  to  the  4-alkoxymethyl-2-phenylthiazoles. 
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TABLE  4 


Hydrochlorides  of  4-Alkoxymethyl-  and  4“Aryloxymetiiyl-2-(p-aminophenyl)“thiazoles  of  the  General  Formula: 

CH-S 

II  I  /~\ 

RCXZHz  -  C  C - (  >  NHjHCl 


Sequence  No. 

R 

M.p. 

Analytical  results 

of  the  compound 

Nitrogen  (  in  ^) 

Found 

Calculated 

I 

CH,- . 

185—186*  (with  decomp.: 

CiiHisONjSCl 

9.77 

10,87 

9.69 

II 

CHj-CHi^.  . . .  . 

Hygroscopic 

- 

- 

- 

ni 

CH3-CH1-CH2-.  . 

181—182  (with  decomp.) 

CisHnONjSCl 

9.89 

9.84 

9.96 

IV 

CHa-CHj-CHz-ai 

185—187  (with  decomp.) 

C|4H|gON2Sd 

9.10 

9.88 

9.13 

CHs 

V 

^CH-iCH,-  .  . 
CHs>^ 

187  (  with  decomp.) 

CuHuONjSCl 

9.54 

9.37 

9.38 

VI 

0  ■ 

C*- 

00 

rH 

1 

CijHibONjSCI 

8.75 

8.84 

8.78 

VII 

215—216  (with  decomp.) 

\ 

C16H140N2SC12 

7.85 

8.01 

7.98 

vni 

HCl  • 

230—235  (with  decomp.) 

CisHiTONjSCla 

11.07 

10.94 

11,35 

IX 

NIi  •  HCI 

222—223  (with  decomp.) 

CibHitONsSCIz 

11.30 

11.35 

X 

CH,0-h(^^-  • 

197  (with  decomp.) 

C  H  0?  ^2  ^ 

7.78 

7,68 

8.03 

XI 

180  (with  decomp.) 

C17H17O2N2SCI 

7.97 

8.03 

OCHs- 

7.79 

A  product  with  a  m.p.  of  80*  was  obtained  by  nitrating  4-isopropoxymethyl-2-phenylthiazole.  Analysis 
of  this  product  showed  an  increased  nitrogen  and  sulfur  content. 

Found  %  N  14.32;  14,14;  S  16.44;  4-Isopropoxy-2-(p-nitrophenyl)“tJiiazole.  Calculated  %  N  10.07; 

S  11.51. 

We  have  still  not  elucidated  of  what  the  product  isolated  consists.  * 

The  nitration  of  4- isoamyloxy-2- phenyl thiazole  under  the  same  conditions  led  to  the  formation  of  a  pro¬ 
duct  with  a  m.p.  of  169-170*,  which,  agreed  in  its  analytical  data  with  those  of  4-hydroxymethyl- 2-(p-nitroph- 
enyl)- thiazole. 


Found  %  N  11.66;  11.84;  S  13,46.  CnHjOsNjS.  Calculated  <%:  N  11.76;  S  13.44. 

We  did  not  succeed  in  isolating  the  product  of  the  nitration  of  4-cyclohexyloxymethyl-2-phenylthiazole. 

Position  of  the  nitrogroup  in  the  nitration  products  of  the  4-^koxymethyl-2-phenylthiazoles.  0.5  g  of  the 
nitrophenylthiazole  derivative  was  added  to  a  solution  of  5  g  of  potassium  bichromate  in  a  mixture  of  20  ml  of 
concentrated  aulfuric  acid^d  J.5  ml  of  warex.  and  the  mixture  was  bailed  moderately  for  1  hour.  After  cooling, 
50  ml  of  water  was  added  and  the  white  precipitate  which  settled  oout  was  filtered  off,  wadied  with  water  and 
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dried.  The  m.p.  was  238*;  the  substance  displayed  no  melting  point  depression  in  a  mixed  sample  with  p-nitro- 
benzoic  acid.  The  yield  of  p-nitrobenzoic  acid  amounted  on  the  average  to  around  70<^. 

TABLE  5 


Acetyl  Derivatives  of  4-Alkoxymethyl-  and  4-Aryloxymethyl-2-(p-aminophenyl)-thiazoles  of  the  General  Formula: 


CH-S  _ _ 

II  I 

ROCH2-C  c-\  ) 

\  /  \_/ 

N 


NHCOCHj 


Sequence  numbei 

R 

M.p. 

Empirical  formula 

1  Analytical  results 

of  the  compound 

Nitrof 

|en  (  in  % 

Found 

Calculated 

I 

0 

1 

121* 

C1SHUO2N2S 

10.58 

10.63 

10.67 

II 

CHj-CHj-.  .  .  . 

150 

Cj4Hj502N2S 

10.07 

9.90 

10.14 

m 

CHj-CHi-CHj- 

146-147 

Ci6Hi,02N2S 

9.70 

9.69 

9.65 

IV 

CHj-CHj-CHj-CHj- 

101-102 

9.39 

9,22 

9.21 

V 

CH, 

CHj'^ 

109-110 

^16^2602^25 

9.23 

9.03 

9.21 

VI 

141-142 

CiaHisOjNjS 

8.54 

8,72 

8.64 

vn 

. 

171 

C18H15O2N2SCI 

7.79 

7.69 

7.81 

vm 

CHjCONH  ^  .  . 

259 

020^^1903^35 

11.07 

11.11 

11.02 

IX 

^HCOCHj 

217 

C2oIIig03N3S 

10.50 

11.02 

X 

cHjo  — ^  y- . 

170-171 

019HU03N25 

7.80 

7.97 

7.90 

XI 

161-161.5 

Oi9Hi|OsN25 

7.64 

7.61 

7,90 

4“Aryloxymetfayl»2-(p-nitrotJienyl)-thiazoles..  A  mixture,  consisting  of  2.5  g  (0,01  mole)  of  4-chloromethyl- 
2-phenylthiazole.  0,02  mole  of  die  conesponding  phenol,  2.7  g  (0.02  mole)  of  anhydrous  potash  and  75  ml  of  dry 
acetone,  was  boiled  on  a  water  bath  for  24-25  hours.  After  distilling  off  the  acetone,  the  residue  was  stirred  into 
water,  filtered,  washed  with  a  5<%  solution  of  sodium  hydroxide,  then  with  water,  and  after  drying,  was  recrystallized 
from  glacial  acetic  acid.  The  data  for  the  preparations  obtained  are  set  forth  in  Table  2  (VI-XII). 

Reduction  of  4- alkoxy methyl-  and  ^aryloxymethyl-2-(p-nitrophenyl)-thiazoles.  10  ml  of  20<%  acetic  acid 
was  added  to  a  solution  or  a  suspension  of  0.01  mole  of  the  nitrophenyl  derivative  of  thiazole  in  50  ml  of  alcohol; 
the  reduction  was  carried  out  widi  iron  filings,  just  as  in  the  reduction  of  the  2-alkoxymethyl-  and  2-aryloxymethyl- 
6-nitrobenzthiazoles.  The  amines  isolated  in  the  crystalline  form  are  presented  in  Table  3.  They  consisted  of 
colorless  crystals.  Alcoholic  and  ethereal  solutions  fluoresced  with  a  beautiful  violet  color.  The  liquid  amines  were 
extracted  with  ether,  the  ethereal  solution  was  washed  with  sodium  bicarbonate  and  dried  with  anhydrous  sodium  sul¬ 
fate,  After  distilling  off  the  ether,  the  residue  was  identified  in  the  form  of  the  hydrochloride  and  the  acetyl  der¬ 
ivative. 


The  hydrochlorides  of  the  4-alkoxy methyl-  and  4-aryloxymethyl-2-(p-aminophenyl)-thiazoles  were  prepared 


by  mixing  an  alcoholic  solution  of  die  amine  with  an  ethereal  solution  of  hydrogen  chloride.  The  precipitate  of 
the  salt  which  settled  out  was  recrystallized  from  alcohol. 

The  acetyl  derivatives  were  prepared  by  briefly  boiling  the  amine  widi  acetic  anhydride.  The  monoacetyl 
derivatives  were  recrystallized  from  benzene  and  the  diacetyl  derivatives  from  glacial  acetic  acid. 

SUMMARY 

1.  A  number  of  4-alkoxymethyl-2-phenylthiazoles  were  prepared;  the  corresponding  p-niirophenyl  derivat¬ 
ives  were  obtained  by  nitrating  them. 

2.  The  corresponding  aryloxy  derivatives  were  prepared  from  4-chloromethyl-2-(p-nitrophenyl)-thiazole  by 
reaction  with  phenols. 

3.  The  corresponding  amines  were  prepared  by  reducing  the  4-alkoxymethyl-and  4“aryloxymethyl-2-(p- 
nitrophenyl)-thiazoles. 
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SYNTHESES  BASED  ON  ANABASINE 
VII.  SULFONATION  OF  ANABASINE  BY  PYRIDINES^  LF  OTRIOXIDE 

O.  S.  Otroshchenko  and  A.  S.  Sadykov 

Our  preceding  work  [1]  was  devoted  to  the  study  of  the  amination  of  anabasine,  N-methylanabasine  and 
nicotine  by  sodium  amide  in  the  absence  of  solvents.  In  the  present  article,  the  results  of  the  sulfonation  of 
anabasine,  piperidine  and  certain  of  their  derivatives  by  pyridinesulfotrioxide  are  reported. 

It  is  well  known  from  the  literature  data  that  pyridinesulfotri(^xide  [2,4]  is  used  for  preparing  sulfonic  acids 
with  the  sulfo  group  located  on  a  carbon  atom,  and  of  the  so-called  sulfamic  acids  (with  the  sulfo  group  at  the 
nitrogen  atom)  [4-7 1. 

We  used  this  reagent  to  sulfonate  anabasine  with  the  object  of  synthesizing  a  sulfamic  acid  based  on  the 
imine  group  of  the  piperidine  ring.  The  reaction  was  conducted  under  the  conditions  for  sulfonating  piperidine 
[8,9]  —  at  0*  in  an  aqueous  medium  in  the  presence  of  potash  The  sulfamic  acid  of  anabasine  was  isolated  in 
the  form  of  the  potassium  salt  with  a  yield  of  51.1<7o.  The  potassium  salt,  after  recrystallization  from  alcohol, 
consisted  of  colorless  crystals  with  a  m.p.  of  212-213*  and,  according  to  the  analysis,  contained  one  sulfo  group. 

By  mixing  alcoholic  solutions  of  the  potassium  salt  and  picric  acid,  a  picrate  was  obtained  which  was 
identical  with  anabasine  picrate.  The  dry  distillation  of  a  mixture  of  the  potassium  salt  of  the  sulfamic  acid 
of  anabasine  with  potassium  cyanide  yielded  anabasine.  This  indicated  the  great  lability  and  ready  cleavability 
of  the  sulfo  group. 

An  attempt  was  made  to  isolate  the  sulfamic  acid  from  the  potassium  salt  via  heating  it  with  an  equi- 
molecular  quantity  of  hydrogen  chloride  (in  alcohol).  An  oil  was  thereby  obtained,  whicn,  in  contrast  to 
anabasine,  did  not  dissolve  in  acetone.  It  did  not  crystallize  during  prolonged  standing  in  a  desiccator.  We  suc¬ 
ceeded  in  recovering  the  potassium  salt  from  the  oil,  but  in  an  insignificant  yield  (12%).  Evidently,  it  was  not  an 
individual  product,  but  consisted  of  a  mixture  of  the  sulfamic  acid  and  anabasine  sulfate.  This  permits  us  to 
conclude  that  the  sulfamic  acid  of  anabasine  is  unstable  in  the  free  form. 

The  potassium  salt  was  completely  hydrolyzed  by  a  brief  heating  with  2%  hydrochloric  acid  solution  in 
the  presence  of  barium  chloride,  and  a  precipitate  of  barium  sulfate  settled  out  at  the  same  time.  Sulfamic 
acids  behave  in  this  way  during  hydrolysis  [5-8].  This  gives  us  the  right  to  assume  that  die  sulfamic  acid  ob¬ 
tained,  which  was  characterized  in  the  form  of  the  potassium  salt,  was  the  sulfamic  acid  of  anabasine: 

-O 

NSOgKO-D 
N 

This  is  all  the  more  probable  since  N-methyl-  and  N-acetylanabasine  do  not  yield  the  corresponding  acids  with 
pyridinesulfotrioxide  under  similar  conditions. 

It  is  of  interest  to  note  that,  under  analogous  conditions,  Rubtsov,  completely  unexpectedly,  as  the  author 
reports,  succeeded  in  obtaining  2-piperidinesulfonic  acid  from  piperidine  [8],  Our  attempt  to  obtain  the  corre¬ 
sponding  acids  from  N-methyl-  and  N-acetylpiperidine  gave  negative  results.  This  fact  indicates  that,  in  the 
sulfonation  of  piperidine,  sulfamic  acid  is  apparently  formed  initially,  and  then  isomerizes  into  2-piperidine¬ 
sulfonic  acid: 


[ 


NSO^HJ 


> 


SO3H 
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Paal  and  Hubaleck  indicate  that  sulfamic  acid  is  readily  hydrolyzed,  and  the  authors  consider  that,  even 
when  th'’.  salt  of  the  sulfamic  acid  of  piperidine  is  stored,  partial  isomerization  occurs.  We  did  not  observe  such 
properties  in  the  salt  of  the  sulfamic  acid  of  anabasine. 

The  experiments  which  were  carried  out  show  that  the  nitrogen  of  the  piperidine  ring  of  anabasine  more 
stroiigly  retains  a  sulfo  group  near  it,  The  pyridine  ring  in  anabasine  definitely  influences  this. 

Sulfonation  of  anabasine  with  pyridinesulfotrioxide  at  room  temperature  permitted  the  sulfamic  acid  to  be 
obtained  in  a  considerably  smaller  yield  (15«fc).  while  when  the  reaction  was  carried  out  by  heating  the  mixture 
at  100*,  the  acid  was  not  obtained  at  all. 

The  reaction  of  anabasine  with  pyridinesulfotrioxide  involving  the  direct  reaction  of  these  compounds  was 
also  studied.  Experiments  involving  heating  mixtures  of  the  reagents,  taken  in  various  molar  ratios,  at  100  and 
150*  for  10-15  hours,  did  not  permit  us  to  isolate  the  crystalline  products  in  appreciable  quantities.  The  reaction 
was  not  canied  out  above  150*.  since  it  is  known  from  the  literature  data  that  at  200*,  pyridinesulfotrioxide  is 
itself  isomerized  into  the  6 -sulfonic  acid  of  pyridine  [11]. 


EXPERIMENTAL 

We  {prepared  pyridinesulfotrioxide  by  the  mediod  of  Terentyev  [6], 

Sulfonation  of  anabasine  with  pyridinesulfotrioxide  at  0* .  40  g  of  ice  and  5  g  of  pyridinesulfotrioxide  were 
added  to  a  solution  of  5  g  of  anabasine  in  25  ml  of  water.  The  mixture  was  stirred  for  20  minutes.  4.2  g  of  potash 
in  6  ml  of  water  was  dien  added  to  the  mixture  and  the  stirring  was  continued  for  35  minutes  while  the  mixture 
was  cooled  with  ice  water.  After  this,  the  solution  was  concentrated  to  dryness  on  a  water  bath.  The  residue 
,vas  treated  with  anhydrous  alcohol  while  being  heated.  After  distilling  off  the  alcohol.  4.4  g  (51.1%"'  of  the 
potassium  salt  of  the  sulfamic  acid  of  anabasine  was  obtained,  which  had  a  m.p.  of  212-213*  after  recrystalliza¬ 
tion  from  alcohol. 

0.09683,  0.10148  g  substance:  0.03171,  0.03083  g  KjSO^.  Found  K  14.49,  13.48.  CnHuNaSOsK.  Cal¬ 
culated  "H):  K  13.93. 

Picrate.  Upon  stirring  alcoholic  solutions  of  the  potassium  salt  of  the  sulfamic  acid  of  anabasine  and  picric 
acid,  the  picrate  widi  a  m.p.  of  196-197*  precipitated.  A  mixed  sample  with  anabasine  picrate  melted  at  197- 
198*. 


Isolation  of  the  sulfamic  acid  of  anabasine  from  the  potassium  salt.  An  equimolecular  quantity  of  an  al¬ 
coholic  solution  of  hydrogen  chloride  (0.065  g)  was  added  to  0.5  g  of  the  potassium  salt  in  anhydrous  alcohol.  The 
precipitate  of  potassium  chloride  which  settled  out  upon  negligible  heating  was  separated  and  the  filtrate  concen¬ 
trated.  The  residue  consisted  of  an  oil  which  was  insoluble  in  acetone.  The  oil  did  not  crystallize  upon  prolonged 
standing  in  a  desiccator.  It  yielded  a  picrate  with  a  m.p.  of  198-200*  with  picric  acid.  A  mixed  sample  with 
anabasine  picrate  melted  at  197-200*.  Excess  50<%  potash  solution  was  added  to  0.85  g  of  the  oil.  The  solution 
was  concentrated  to  dryness.  The  residue  was  extracted  with  anhydrous  alcohol.  0.12  g  (12%)  of  the  potassium 
salt  with  a  m.p.  of  209-210*  was  obtained.  A  mixed  sample  with  the  potassium  salt  of  the  sulfamic  acid  of 
anabasine  melted  at  209-211*. 

Hydrolysis  of  the  potassium  salt  of  the  sulfamic  acid  of  anabasine.  A  small  quantity  of  barium  chloride  was 
added  to  a  solution  of  0.1702  g  of  the  potassium  salt  of  the  sulfamic  acid  of  anabasine  in  2%  hydrochloric  acid.  A 
precipitate  of  barium  sulfate  settled  out  upon  negligible  heating.  A  picrate  with  a  m.p.  of  196-197*  was  obtained 
from  the  aqueous  solution  after  separating  the  barium  sulfate.  A  mixed  sample  with  anabasine  picrate  melted  at 
196-198*. 


SUMMARY 

1.  The  study  of  the  sulfonating  action  of  pyridinesulfotrioxide  under  various  conditions  showed  that  the  sulf¬ 
amic  acid  can  be  prepared  from  anabasine  with  the  aid  of  this  substance. 

2.  N-Methyl-  and  N-acetylanabasine,  and  also  the  corresponding  derivatives  of  piperidine  do  not  react  with 
pyridinesulfotrioxide  under  the  conditions  which  permit  the  {reparation  of  2-piperidinesulfonic  acid. 
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AN  ALKALOID  FROM  GLEDITSCHIA  TRIACANTHOS  L, 


A.  S.  Belikov,  A.  I.  Bankovsky  and  M.  V.  Tsarev* 


Gledltschia  triacanthos  L.  (fam.  Caesalpiniaceae)  [the  honey  locust],  is  a  tree  witfi  sharp  branched  thorns, 
pinnate  leaves  and  fine  greenish-white  flowers.  It  is  cultivated  in  the  Caucasus,  in  Genual  Asia  and  in  the 
Crimea  for  decorative  purposes  [1]. 

The  leaves  and  fruit  of  the  honey  locust  contain  100-400  mg%  of  ascorbic  acid  [2],  and  in  the  pods  are 
found  saponins  [3],  glucosides  [4]  and  the  flavonoid  pigments  acrammerin  [5]  and  olmelin  [6,7]. 

In  1947-1948  one  of  the  authors  of  this  article  (M.  V.  Tsarev)  established  that  the  leaves  and  flowers  of 
the  honey  locust  contain  a  considerable  quantity  of  alkaloids  and  that  smaller  quantities  of  alkaloids  are  found  in 
the  thorns,  bark  and  seeds.  The  young,  just-opened  leaves  are  richest  in  alkaloids—  to  V>}o  of  the  air-dry  weight. 

As  the  leaf  grows,  the  alkaloid  content  sharply  falls;  leaves  collected  in  July  contain  only  uaces  of  alkaloids. 

The  flowers  of  the  honey  locust  contain  0.37ft  and  the  seeds  0.057o  of  alkaloids. 

A  crystalline  alkaloid  with  a  m.p.  of  227-228°,  named  ttiacanthine,  was  isolated  in  1949  from  the  young 
leaves  of  the  honey  locust. 

Our  investigations  have  established  that  the  composition  of  ttiacanthine  corresponds  with  the  formula 
C8H10N4. 

Triacanthine  crystallizes  from  alcohol  in  the  form  of  white  rhombic  crystals  It  is  quite  soluble  in  alcohoL 
more  difficultly  soluble  in  chloroform  and  almost  insoluble  in  water  and  ether. 

Triacanthine  is  a  strong  base  and  is  precipitated  out  from  solutions  of  its  salts  by  strong  alkalis.  It  reduces 
potassium  permanganate  at  any  pH  value  and  is  readily  oxidized  by  bromine  and  chromic  acid.  Triacanthine  forms 
well  crystallized  salts  with  mineral  and  organic  acids:  the  hydrochloride  has  a  m.p.  of  218-219°,  the  nitrate,  a 
m.p.  of  164-166°,  the  hydrobromide,  a  m.p.  of  215-216°,  the  picrate,  a  m.p.  of  239-241°,  the  picrolonate,  a  m.p. 
of  229-231°  and  the  sulfates,  m.p.  of  175-176*  and  216-217°.  The  hydrochloride,  the  hydrobromide,  the  nitrate 
and  the  sulfates  are  quite  soluble  in  water  and  alcohol;  the  picrate  and  the  picrolonate  are  insoluble  in  water  and 
difficultly  soluble  in  alcohol.  The  iodomethylate  of  triacanthine  consists  of  white  flakes  or  needles  which  melt 
at  a  temperature  of  199-203°.  The  iodomethylate  is  insoluble  in  water,  dissolves  readily  in  methyl  alcohol  and 
more  poorly  in  ethyl  alcohol. 

The  composition  and  properties  of  triacanthine  and  the  melting  points  of  its  salts  and  of  the  iodomethylate 
provide  a  basis  for  assuming  that  it  is  a  new  alkaloid  which  has  not  previously  been  described  in  the  literature. 


EXPERIMENTAL 

1.  Isolation  and  Purification  of  the  Alkaloid 

Pulverized  air- dry  leaves  of  the  honey  locust  were  moistened  with  107)  aqueous  ammonia  solution  and  ex¬ 
haustively  extracted  with  dichloroethane.  The  extract  obtained  was  treated  several  times  with  57)  sulfuric  acid 
until  the  alkaloids  were  completely  extracted,  after  which  the  sulfuric  acid  solution  of  triacanthine  was  rendered 
alkaline  with  507)  sodium  hydroxide  solution  and  the  precipitate  which  fell  out  of  ttiacanthine  base  was  filtered 
off.  The  triacanthine  which  was  left  in  the  solution  was  extracted  with  xhloroform,  the  chloroform  solution  was 
dried  with  anhydrous  sodium  sulfate,  filtered  off,  (and  the  solvent  driven  off  and  the  solution  concentrated  to  dry¬ 
ness  on  a  water  bath. 

The  triacanthine  isolated  was  dissolved  in  57)  sulfuric  acid,  the  sulfuric  acid  solution  wa  s  rendered  alkaline 
with  507)'1bdlum  hydroxide  soltitionrahd  the  alkartold  -extracted:. with  chloroform.  After  drying  the  solution,  the 
chloroform  was  driven  off.  and  the  ttiacanthine  twice  recrystallized  from  alcohol.  100  g  of  pure  triacanthine  which 
melted  at  227-228°  was  obtained  from  20  kg  of  leaves. 


•  Deceased 


The  tiacanthine  was  subjected  to  further  purification  for  conducting  the  elementary  analysis  for  carbon, 
hydrogen  and  nitrogen  by  the  methods  of  Liebig  and  Dumas.  Sulfuric  acid  (d  1.84)  was  added  in  the  form  of  drops 
to  a  solution  of  0.5  g  of  triacanthine  in  5  ml  of  alcohol  until  the  reaction  was  acid  to  litmus.  The  suifate  which 
precipitated  was  filtered  off,  recrystallized  from  alcohol,  dissolved  in  5  ml  of  water,  rendered  alkaline  with  30*^ 
sodium  hydroxide  solution,  and  isolated  in  the  form  of. triacanthine  base  by  two- fold  recrystallization  from  alcohol. 
After  drying  in  a  vacuum-pistol  at  100*  for  14  hours,  the  triacanthine  melted  at  228*. 

4,760  mg  substance:  10.336  mg  CO*;  2.683  mg  H2O,  3.860  mg  substance:  8.389  mg  CO2;  2.178  mg  H2O. 
3,120  mg  substance:  0.960  ml  N2  (22*,  735  mm).  3.550  mg  substance:  1.092  ml  N2  (22®,  735  mm).  Found  %:  C 
59.26,  59,31;  H  6.30.  6.31;  N  34,46,  34.73.  Calculated  %:  C  59.23;  H  6.21;  N  34.54. 

0.0106  g  substance;  0.2304  g  camphor;  At  12*.  0,0188  g  substance;  0.2528  g  camphor;  At  11*.  Found:  M 
153.36,  169.63.  C:tHi»N4.  Calculated:  M  162.19. 

The  triacanthine  picrate,  prepared  by  stirring  alcoholic  solutions  of  triacanthine-base  and  picric  acid  to¬ 
gether.  and  recrystallization  from  alcohol,  melted  at  239-241*, 

4.560  mg  substance:  7.448  mg  CO2;  1.521  mg  H2O.  2.078  mg  substance:  3.68  mg  0.01  N  H2SO4.  4.812 
mg  substance:  8.48  mg  0.01  N  HjSO^.  Found  %  C  44.57;  H  3.73;  N  24.80.  24.67.  CgHi^N^  •  QHjOfNa.  Cal¬ 
culated  C  42.97;  H  3.35;  N  25.06 

0.0106  g  substance:  0,2502  g  camphor:  At  4.5*.  Found;  M  376.53.  CgHnN4  •  c^HaO^Ns.  Calculated:  M 
391.30. 

2.  Preparation  of  the  Derivatives 

a)  A  solution  of  0.2  g  of  triacanthine  in  5  ml  of  alcohol  was  saturated  with  dry  hydrogen  chloride.  The 
hydrochloride  precipitated  in  the  form  of  fine  white  needles,  and.  after  re  crystallization  from  alcohol,  melted  at 
218-219*. 

b)  Hydrobromic  acid  (d  1.51)  was  added  in  the  form  of  drops  to  a  solution  of  0.2  g  of  triacanthine  in  5  ml 
of  alcohol  until  a  precipitate  began  to  appear.  After  recrystallization  from  alcohol,  the  triacanthine  hydrobromide 
had  the  form  of  flat  white  needles  which  melted  at  215-216*. 

c)  Upon  adding  nitric  acid  (d  1.39)  in  the  form  of  drops  to  an  alcoholic  solution  of  triacanthine,  and  sub¬ 
sequent  cooling  for  an  hour  at  0*.  lamellar  crystals  of  triacanthine  nitrate  precipiuted.  After  recrystallization 
from  alcohol,  the  nitrate  had  a  m.p.  of  164-166  and  was  hygroscopic. 

d)  The  picrolonate  of  triacanthine  was  prepared  by  stirring  a  solution  of  0.2  g  of  triacanthine  in  5  ml  of 
alcohol  with  5  ml  of  an  alcoholic  solution  of  picrolonic  acid.  It  crystallized  from  alcohol  in  the  form  of  very 
fine  yellow  crystals,  m.p.  229-231*. 

e)  The  crystalline  sulfates,  with  m.p,  175-176*  and  216-217*,  were  prepared  by  adding  various  quantities 
of  sulfuric  acid  (d  1.84)  to  an  alcoholic  solution  of  triacandiine. 

f)  2  ml  of  methyl  iodide  was  added  to  a  solution  of  0.1  g  of  triacanthine  in  5  ml  of  methyl  alcohol  and 
the  mixture  was  heated  with  a  reflux  condenser  on  a  water  bath  for  3  hours,  after  which  the  iodomethylate  was 
filtered  off  and  recrystallized  from  alcohol  three  times.  The  m.p.  was  199-203*. 

The  chemical  study  of  triacanthine  is  being  continued. 


SUMMARY 

1.  The  new  alkaloid  triacanthine,  with  composition  C|Hi|N4,  was  isolated  from  the  leaves  of  Gleditschia 
triacantitos  L.  .  [The  honey  locust] 

2.  The  following  derivatives  of  triacanthine  were  prepared  and  characterized:  the  hydrochloride,  hydro¬ 
bromide.  nitrate,  picrate.  picrolonate,  the  sulfates  and  the  iodomethylate. 

LITERATURE  CITED 

[1]  L.  A.  Kursanov,  N.  A.  Komarnitsky  and  others.  Botany.  Moscow,  Pt.  II.  229-231  (1951). 

[2]  A.  A.  Grossgeim.  Plant  Wealth  of  die  Caucasus,  Moscow,  250  (1952). 

[31  C.  Wehmer.  The  Composition  of  Plants.  Jena,  V.  1,  508  (1929). 


922 


[4]  A.  M.  Gakhokidze,  J.  Appl.  Chem..  19.  1197  (1946). 

[5]  A.  M.  Gakhokidze  and  N.  D.  Kutidze,  J.  Appl.  Chem.,  20,  899  (1947). 

[6]  A.  M.  Gakhokidze,  J.  Appl.  Chem.,  23,  747  (1950>.* *• 

[7]  A.  M.  Gakhokidze,  J.  Appl.  Chem.,  23,  559  (1950).*  • 

Received  November  22,  1953  All-Union  Scientific -Research  Medicinal  and 

Aromatic  Plant  Institute 

*  Consultant's  Bureau  Translation;  p.  789. 

*•  Consultant*  s  Bureau  Translation;  p.  589. 


I  -<4  ^  S<  *M0  .W',.  I -K'.-.''.;!.,  ■)  .V  •  ,  • 

ihn*A>?£»-a'''a  J-JTtegr^  -V  u;c  '  ■  r  )  :*<}f|>  vf-'" .t  Vl.bfsi.  :.',vi>:,tMV^;;D  V.,  s  >}• 

•  V  ?o  •  •■' ‘j- '  A  ■  ■  ,  ,  .  '  .  --  .  .  , 

'  .  ,  ,  .  '  .  !  .  .*.<(  i’i  >  .»*r.  SS’.-marO  ■. 

i,^,  4i™ 

'  .?  t.  •  . 


i  I  .  •  , 

•  •  .f#"e  n  f  3  ;  >:s  ..«*  .  is  «  fi'L*  -lid  '•* 


^::  ■;*  3^ 


I:-.  U' 


■'^  ( ' 


■  ^^.’>1  •■f  ^  ■ 

it  ll  ar.  ■  >■: 


NUC#?  <J. 


■HT. :  :ti&. 


fi-  Pr 


CU  ct  »■'  ^ 

1"  -...-i--  io- 

,  'w  ~ 


i '»  ».  <  t 


■'■I-  : 


ST’ 


I  '  -  -j'  ■ 

'i»A  aiiJ  l>r- . 


♦  ar 


V  .  ;.j  'i  v  .att  flf  . 

*lrT  '>♦  6  .m  *iJ  ;''5.t:-«*#il'.:  vjITx 


•  T**r  i'T^'aU'fv  •.  r* '^^  "  ■ 

.:  f-f  1  >‘  f^  yr-iv  '- 


;  :  :•  ’”1  c:  JT.'N'-  )  '  '  •■  "  ''=^  ^  '  7 -U  ■ 

file  i«i‘.  mw  *(■:.*  *.t.a\c:c/'  '  ;  j  .I'. 

fL\t9fc-".  r?*'-'-'''’.  1 : '  •  ■  -i*’  '■  '■ 


4  i’  T  V  V  •'  '  •  •  1'.. 


prVii- 


r/ 


■*:,<»  •  1  •,-i^4  * >01*  lu'tnoDt  ’ 

.^W  .  d-,.-*.-}  ■■  ..i*' *-<»;.  >  * 


d  r 


tef0*i-4  jc 


4^j.t\s> ir.' ?•*»*:  Tr-t?  - 

k»  JiiH  V  .  .  .  . 


i^‘- 


«<•»»  KUji»rrK 


1f^  i4 


’?■  ftjn 


THE  DIMETHYLATION  OF  PRIMARY  AROMATIC  AMINES  WITH  THE  AID  OF 


FORMALDEHYDE.  PREPARATION  OF  4  -  NI T  ROD  I  MET  H  YL  A  NI L  IN  E 

B,  M.  Bogoslovsky 


The  possibility  of  methylating  amines  via  their  reaction  with  a  mixture  of  formaldehyde  and  formic  acid, 
which  can  be  considered  as  a  special  case  of  the  widely  known  Leuckart  reaction,  has  been  repeatedly  mentioned 
in  the  literature.  At  the  same  time,  however,  it  must  be  ^mphasiaed  that  in  the  overwhelming  majority  of  cases 
the  indicated  method  of  methylation  was  used  only  in  relation  to  primary  amines  and  also  to  a  -  and  6 -amino 
acids  of  the  aliphatic  iexies.  It  has  been  applied  more  rarely  to  amines  of  the  alicyclic  series  and  still  more  rarely 
to  heterocyclic  amines.  One  of  the  few  examples  of  the  application  of  the  reaction  under  consideration  to  amines 
of  the  aromatic  series  is  the  conversion  of  2,4, 6-tribromoaniline  into  2,4,6-tribromodimethylaniline  [1,2]. 


The  mechanism  of  the  case  of  methylation  of  aromatic  amines  under  consideration  does  not  appear  to  have 
been  studied  in  detail  In  all  probability,  the  process  occurs  in  stages;  the  monomethyl  derivatives  are  initially 
formed  [3],  and  diese  are  then  converted  into  the  dimetliyl  derivatives  by  the  following  probable  scheme_^ 


Ar-NHz^S^^Ar—  N==CH2  ^  Ar- 


NH—CHa. 


Ar- 


+CHi,0 

■NH—  CHj— — ^  -»•  Ar- 


N 


CHa  CHa 

/  Ar-  N^’ 

\  -H,0  ''  \ 

CH2OH  ^CHa 


In  both  cases,  the  reducing  agent  is  formic  acid,  the  reducing  capacity  of  which  has  been  repeatedly  referred 
to  by  many  authors. 


The  comparatively  limited  application  of  the  possibility  of  dimethylating  primary  aromatic  amines,  evidently, 
can  be  explained  by  their  tendency  to  form  the  corresponding  diarylmethane  derivatives  by  reaction  with  formalde¬ 
hyde.  The  latter  direction  of  the  reaction  can  prove  to  be  competitive,  while  it  sometimes  prevails  in  the  case 
of  the  conversion  under  consideration.  Thus,  in  particular,  in  the  case  of  the  methylation  of  a -amino- pyridine, 
described  by  Chichababin  and  Knunyants,  tetramethyl  derivatives  of  diaminodipyridylmethane  [4]  are  finally  formed. 
According  to  die  investigation  of  Titov  and  Baryshnikova,  this  reaction  proceeds  in  stages,  to  wit;  dimethylamino- 
pyridine  is  formed  first  and  then  dimethylaminopyridylcarbinol  is  formed  which,  condensing  with  a  second  molecule 
of  dimethylaminopyridine,  forms  the  end  product-the  corresponding  dipyridylmethane  derivative  [5]. 

If  one  considers  what  has  been  set  forth  above,  it  becomes  clear  that  dimethylation  in  accord  with  the  Leuckart 
method  can  have  a  chance  of  success  only  for  those  aromatic  amines  in  the  molecule  of  which  some  substituent 
that  inhibits  the  formation  of  the  diarylmethane  derivative  is  found  in  the  para  position  to  the  amino  group.  Thus, 
of  the  three  isomeric  nitroanUines,  only  4-nitroaniline  fulfills  the  set  condition;  consequently,  only  when  this 
latter  compound  is  used  can  the  formation  of  the  dimethylated  derivative  in  good  yields  be  expected.  It  should 
be  noted,  incidentally,  that  the  methods  for  preparing  4-nitrodimethylaniline  described  in  the  literature  are 
characterized  by  comparatively  low  yields  and  are  often  accompanied  by  the  necessity  of  separating  the  mixture 
of  amines  which  is  formed;  2-  and  3-nitroanilines.  with  the  para  position  to  the  amino  group  unsubstituted,  can 
also  form  the  corresponding  diphenylmethane  derivatives. 

The  experiments  confirmed  the  assumptions  made  above.  Actually,  4-nitroaniline  wps  successfully  converted 
inaa  4-nitrodirriethylaniIine  in  very  excellant  yields.  3-Nitroaniline  was  coqverted  into  2,2--dinitrO“4,4'-bis-(dim- 
ethyla^mino)-diphenylmethane  in  equally  good  yields,  while  for  the  case  of  2-nitroaniline,  we  succeeded  in  making 
sequre  the  preparation  of  the  corresponding  diaminodinitrodiphenylmethane,  which  evidently  underwent  further  methy- 
latioH  with  great  difficulty  under  the  conditions  which  we  employed. 
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EXPERIMENTAL  • 


1.  Reaction  of  4-Nitroanillne  with  Formaldehyde.  Preparation  of  4-Nitrodimethylaniline 

20  g  of  4»nitroaniline  was  dissolved  by  heating  in  45  ml  of  100 HCOOH,  after  which  45  ml  of  a  30*5^ 
solution  of  formaldehyde  together  with  5  g  of  paraformaldehyde  was  added  to  the  transparent  solution  which  was 
formed.  After  heating  for  30  minutes  on  a  water  bath,  which  was  accompanied  by  the  evolution  of  gas  bubbles 
from  the  reaction  mass,  the  contents  of  the  flask  with  the  abundant  yellow  precipitate  which  was  formed,  were 
cooled,  the  liquid  was  drawn  off,  and  the  precipitate  washed  with  water  and  dried.  The  yield  of  product  with  a 
m.p,  of  148*  amounted  to  20  g.  After  crystallization  from  glacial  acetic  acid,  16  g  (67<^)  of  4-niuodimethyl- 
aniline  was  obtained  in  the  form  of  bright  yellow  crystals  with  a  m.p.  of  161-163*.  A  mixed  sample  with  die 
pure  product,  prepared  by  oxidizing  4-nitrosodimethylaniline  and  which  had  a  m.p.  of  162-163*,  displayed  no 
melting  point  depression, 

2.  Reaction  of  3-Nitroaniline  with  Formaldehyde.  Preparation  of  2.2'-Dinitro"4,4*-tetrametfayl- 

diaminodiphenylmethane 

45  ml  of  a  30%  formaldehyde  solution  with  5  g  of  paraformaldehyde  was  added  to  a  heated  solution  of  20  g 
of  3-nitroaniline  in  45  ml  of  100%  HCOOH,  after  which  the  mixture  was  heated  for  2.5  hours  on  a  water  bath.  The 
reaction  product  which  was  isolated  in  the  precipitate  was  filtered  off,  washed  with  water  and  dried.  The  yield  of 
product  which  had  a  m.p.  of  188*,  amounted  to  20.2  g.  After  crystallization  from  glacial  acetic  acid,  17  g  (about 
'  ('%)  of  2,2*-dinitro-4*4*-tBtramethyldiaralnodipheiylmethane  was  obtained  in  the  form  of  orange- red  crystals  with 
a  m.p.  of  193*  which  closely  agreed  with  the  literature  data.  The  product  obtained  displayed  no  melting  point  de¬ 
pression  in  a  mixed  sample  with  the  pure  substance.  The  diazo  reaction  did  not  disclose  the  {»esence  of  amino 
groups. 

3,  Reaction  of  2-Nitroaniline  with  Formaldehyde.  Preparation  of  3,3*-Dinitro-4,4‘-v 

_ _ diaminodiphenylmethane  _  _ _ _ 

The  reaction  with  2-nitroannine.  conducted  under  the  conditions  described  above  and  with  the  same  quanti¬ 
tative  relations,  led  to  the  formation  (after  analogous  treatment  and  crystallization  from  glacial  acetic  acid)  of  a 
substance  in  the  form  of  orange-red  needles  with  a  m.p.  of  222-224*.  The  product  obtained  had  a  distinct  diazo 
reaction  and  closely  agreed  in  its  properties  (color,  melting  point)  with  those  of  3,3' -dinitro-4, 4* -diaminodiphenyl¬ 
methane. 


SUMMARY 

The  reciprocal  reaction  of  the  three  isomeric  nitroanilines  with  formaldehyde  in  a  100%  formic  acid  medium 
was  studied.  It  was  shown  that  it  is  possible  to  obtain  the  following  with  excellent  yields: .  4-nitrodimethylaniline, 
2,2* -dinitro-4. 4* -tetramethyldiaminodiphenylmethane  and  3,3'-dinitro-4i4'-diaminodiphenylmetiiane. 
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